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The C-E Unit shown above is presently under construction for the 
Will County Station of the Commonwealth Edison Company near 
Joliet, Illinois. Stone & Webster Engineering Corporation are the 
Consulting Engineers. 

This boiler is designed to serve a 260,000 kw ( net capability ) turbine- 
generator operating at a throttle pressure of 2000 psig with a primary 
steam temperature of 1050 F, reheated to 1050 F. 

It is of the controlled-circulation, radiant reheat type with a separated 
furnace arrangement. Secondary superheater surface is at the outlet 
of one furnace and reheater surface at the outlet of the other. Primary 
superheater sections and economizer surface follow both the second- 
ary superheater and reheater surfaces. Regenerative air heaters follow 
the economizer surfaces. The section shown above is taken through 
the superheater turnace. 

Pulverized coal firing is employed, using bowl mills and tilting, 
tangential burners. B-93 
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Latest and most valuable electronic addition to 
The M. W. Kellogg Company’s facilities for 
solving the design calculation problems of 
power piping customers is a new, large magnetic 
drum digital computer. It can execute 500 
arithmetical operations per second; conserva- 
tively can solve 40 simultaneous equations in 30 
minutes; and has a memory capacity of over 
4000 ten-digit words. This computer is now in 
use at Kellogg’s new New York Headquarters, 
and supplements a smaller computer which has 
been employed for some time at M. W. Kellogg’s 
Jersey City laboratories. 

This new computer enables The M. W. 


Kellogg Company’s engineering staff to under- 
take a far greater number of precise calculations 
in less time than ever before and, as a result, to 
determine the optimum main and reheat steam 
piping designs for steam-electric power plants 
in minimum time. 

A cordial invitation to see the new Datatron 
computer at work is extended to consulting 
engineers, and to engineers of power generating 
companies and their equipment manufacturers. 
Appointments may be made by contacting the 
office of the Sales Manager, Fabricated Prod- 
ucts Division, The M. W. Kellogg Company, 
711 Third Avenue, New York 17, N. Y. 


FABRICATED PRODUCTS DIVISION 


THE M. W. KELLOGG COMPANY, 711 THIRD AVE., NEW YORK 17, N. Y. 
A SUBSIDIARY OF PULLMAN INCORPORATED 


The Canadian Kellogg Company Limited, Toronto « Kellogg International Corporation, London « Societe Kellogg, Paris 
Kellogg Pan American Corporation, New York « Companhia Kellogg Brasileira, Rio de Janeiro « Compania Kellogg de Venezuela, Caracas 
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Kellogg’s Design Calculation Techniques Keep Pace 
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For efficiency 
and economy, 
GARLOCK 
burns coal 
the modern way 


The Garlock Packing Co., Palmyra, N.Y., had a 

problem common to many growing firms. Produc- 

™ es tion requirements threatened to outpace its power 

Consult an engineering firm system. Steam capacity and electrical distribution 

were inadequate; heat balance was poor; equipment 

was obsolete. Any minor repair or inspection meant 

curtailed production. So Garlock called in Consult- 

ant L. J. Sforzini to study the situation and make 
recommendations. 





Designing and building hundreds of heating and power installa- 
tions a year, qualified engineering firms can bring you the latest 
knowledge of fuel costs and equipment. If you are planning the 
construction of new heating or power facilities—or the remodel- 
ing of an existing installation—one of these concerns will work 
closely with your own engineering department to effect substantial The answer was modernization and today Garlock 
savings not only in efficiency but in fuel economy over the years. burns coal the modern way. A new 100,000 lb.-per- 
hr. spreader-stoker fired boiler, using older units as 

standbys, delivers steam for all needs with enough 

facts you should know about coal surplus capacity to handle a load growth. Cinder 
reinjection has improved stoker-firing efficiency. 

In most industrial areas, bituminous coal is the lowest-cost fuel Pneumatic ash handling facilitates overall operation. 
available « Up-to-date coal burning equipment can give you With these and other changes, Garlock’s power 
10% to 40% more steam per dollar © Automatic coal and plant now operates at peak efficiency and economy. 
ash handling systems can cut your labor cost to a minimum. For further information or additional case his- 
Coal is the safest fuel to store and use « No smoke or dust tories showing how other plants have saved money 

problems when coal is burned with modern equipment ¢ Be- burning coal, write to the address below. 


tween America's vast coal reserves and mechanized coal 
NATIONAL COAL ASSOCIATION 


production methods, you can count on coal being plentiful 
and its price remaining stable. Southern Building e Washington 5, D. C. 








Advantages of 
the Ljungstrom Air Preheater 


Size for size, recovers more heat than 
any other type. 


Eliminates cold spots . . . keeps corrosion 
to minimum. 


Easier, faster to clean and maintain. 


Requires far less supporting steel and is 


out of quickly erected. 











10... air preheater installations 
are Ljungstrom® MAXIMUM HEAT RECOVERY is one important rea- 


son. As a general rule, a height of one inch of the heating surface used in a Ljungstrom Air Pre- 


heater will recover about as much heat as one foot of length of the standard surface of conventional 


type air preheaters. For the interesting full story, send for a free copy of our 38-page manual. 


The Air Preheater Corporation 60 East 42nd Street, New York 17, 9. Y. 
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The risk is too great 
—clean it right 


take risks when men, 
production time 
s why more and 


You don’t 
equipment, and lost 
are involved. That 
more companies are nvestigating the 
methods and firms used in their 
chemical cleaning. They know it’s 
work for experts 

What 
First, they want know they are 
getting the benefits of experience. 
These benefits include down- 
time and more thorough cleaning. 


are they ncerned about ? 


less 


Dowell has this experience with over 
15 years and 10,000 boilers alone to 
their credit. In saving downtime, 
Doweil often cleans equipment while 
it is in operation, 


Next, these companies want to be 
sure their men and equipment have 
the greatest protection. 
Dowell excels here, too. For safety 
is foremost in the Dowell engineer’s 
mind. Thoroughly trained, he uses 
only the latest safety methods and 


possible 


equipment. He works closely with 
your safety personnel to establish 
safest possible working procedures. 
Be sure you are getting maximum 
results with maximum protection in 
your chemical cleaning. 

Call the Dowell office near you. 
Dowell engineers are ready to dis- 
cuss and help you with your cleaning 
problems any time, at no obligation. 
Or write Dowell Incorporated, Tulsa 
1, Oklahoma, Dept. H-25. 


chemical cleaning service for industry 


A SERVICE SUBSIDIARY OF THE DOW CHEMICAL COMPANY 
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Piston-Type CV-P. For high- 
duty service. Extremely precise 
positioning gives you superb 
operating characteristics. 
Rangeability is high. Response 
can be characterized to meet 
your operating requirements. 
Designed for those applications 
which demand the ultimate in 
valve-operating force... where 
you want the finest valve 
money can buy. Hand wheel is 
optional 


» 


Diaphragm-Type CV-D. Either 
direct or reverse acting. High 
rangeability. Optional features 
include: Cooling fins and lubri- 
cator for stuffing box that will 
maintain low friction over 


longer packing life; hand wheel 
for emergency operation. 
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Now you can apply high-quality 
Copes-Vulcan Valves to any appli- 
cation, at unlimited pressures in 
sizes up to 12 inches. Simplified 
design gives you this new versa- 
tility, plus high standards of per- 
formance for broader applications. 
Too, you will get the Copes-Vulcan 
custom-design, with ports exactly 
suited to the requirements of your 
operation. 

Get in touch with your Copes- 
Vulcan man. He can help you apply 
the new Copes-Vulcan Valves to 
your control requirements. You'll 
get real dollars-and-cents savings 
in operational cost with less down- 
time in even those troublesome 
spots where ordinary valves are in- 
adequate. Write for Bulletin 1027. 


COPES-VULCAN DIVISION SO thnlialay 


BLAW-KNOX COMPANY 


ERIE 4, PENNSYLVANIA SIOOSVISE 





COMBUSTIO N—August 1956 





Here’s why Allis-Chalmers 
coal handling —give you more 


HD-11 
85 belt hp 
approx. wt (as illustrated) 24,600 Ib 


204 net engine hp (torque converter drive) 
approx. wt (as illustrated) 53,400 Ib 


Advanced basic design makes the difference; 
look at these specific on-the-job advantages: 


All-Steel Backbone for long tractor life. Saved Lubrication Time — On Allis-Chal- 


Exclusive box-A main frame absorbs shock loads, 
protects entire power train. 


One-Piece Housing for steering clutches 
and final drives. It’s strong, rigid, to resist twists 
and shocks . . . line-bored to maintain accurate 
gear and bearing alignment. 


Rugged Final Drives — Small-diameter, 
double-reduction gears and short, thick shafts 
are tailor-made for today’s bigger loads. Strad 
dle mounting assures proper gear support, elimi- 
nates corner loading. 


Tough Track — New heat-treating methods 
mean extra strength, hardness, wearability, long 
life even under severe conditions. 


mers tractors, you grease truck wheels, idlers 
and support rollers only once every 1,000 hours 
under any operating conditions—eliminate daily 
greasing — convert maintenance time into pro- 
duction time. 

All-Weather Cooling Capacity — Big, 
well-protected radiators and cooling systems as- 
sure top efficiency and dependability in desert 
heat or arctic cold. 

Wrap-Around Radiator Guard — Built-in 
dozer mounting reduces cost and weight, pro- 
duces superior balance of tractor-dozer com- 
bination. 

Longer-Wearing Master Clutches — 
Ceramic button lining (on all standard trans- 
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Crawler Tractors speed 
working time, lower costs 


recite ioe 
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HD-16 
150 net engine hp (torque converter drive) 
141 belt hp (standard transmission) 


55 belt hp 
approx. wt (as illustrated) 38,200 Ib 


approx. wt (as illustrated) 15,850 Ib 


wheel scrapers make full use of Allis-Chalmers 
tractor advantages. You can also choose from 
a full line of tractor shovels with standard buck- 
ets from 114- to 4-yd and coal handling buckets 
from 2 to 7-yd capacity. 

The entire service program of Allis- 
Chalmers dealers is built around your needs. His 
factory-trained servicemen and all his facilities 
are designed to give you prompt and dependable 
service. What’s more, he stocks only True Ori- 
ginal Parts to assure you continued top perform- 
ance and long equipment life. You owe it to your- 


mission models) keeps clutches operating longer 
between adjustments, saves you time and money. 


Smooth Torque Converter Drive — 
(standard on HD-21, optional on HD-16) — 
Automatically matches speed and power to load 
and terrain conditions, virtually eliminates 
shifting, assures steady, high output. 


Matchless Servicing Accessibility — 
Unit construction permits easy servicing in the 
shop or on the job quick removal of clutches, 
transmission, engine without disturbing adjacent 


assemblies. 


Matched Equipment For Bigger Pay- 
loads Fast-acting hydraulic or cable bull- 
dozers, heavy-duty rippers, smooth-loading four- 


ALLIS-CHALMERS 
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self to see these new tractors at work. See your 
Allis-Chalmers construction machinery dealer 


soon. 
ALLIS-CHALMERS, CONSTRUCTION MACHINERY DIVISION 
MILWAUKEE 1, WISCONSIN 
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ALLIS-CHALIAERS 


Building) Tomorrow's a as) 


Turbine-generator Today ‘i : o : 
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THE HIGH-PRESSURE END DIAPHRAGM WEBS are made from heavy THE WEB is then carefully machined for welding (top). 
alloy steel plates or castings. Some are ten inches thick and can with- Nozzle partitions are machined from solid chrome- 
stand high pressure drops and maintain close clearances. iron alloy and assembled in punched bands (bottom). 


How General Electric builds sturdy nozzle- 


TO MEET TOMORROW’S EXPANDING LOADS 


GROWTH OF GENERATING CAPACITY 


1966 > 


KILOWATTS 
MILLIONS 


1930 1940 1950 1960 1970 


G.E. works with electric utilities and consulting 
engineers in these vital turbine-generator areas: 


BASIC RESEARCH 


' | APPLIED RESEARCH 


a : PRODUCT DEVELOPMENT: NOZZLE-DIAPHRAGMS 
GENERAL ELECTRIC MAINTAINS a continuing program of research 
on turbine diaphragms. This smoke tunnel provides a visual indica- TESTING 
tion of how steam flow will follow new nozzle designs. MAINTENANCE 
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THIS NOZZLE assembly is welded to the web and outer DIAPHRAGM HALVES are lowered into the turbine shell. The rotor 


ring (top). A finishing operation puts a high polish 
on the partitions for a smooth steam path (bottom). 


is then assembled and the upper shell containing the top half of the 
diaphragm is added to form a series of complete compartments. 


diaphragms to reduce turbine maintenance 


TOUGH CONSTRUCTION HELPS PROTECT STEAM PATH AGAINST 
DESTRUCTIVE FOREIGN MATERIALS 


the steam path can be a costly 
and time consuming cause of turbine shutdown. 
Should large amounts of foreign material enter the 
steam path whole rows of buckets and partitions 
might be severely damaged. This could mean a long 
and costly outage 


TO HELP GUARD against a long outage, General 
Electric builds turbine nozzle-diaphragms of tough, 
sturdy construction. And here’s how they help. Should 
foreign materials enter the steam path, these rugged 
nozzle-diaphragms ‘‘compartmentalize’’ damage to a 
small area. This greatly simplifies bucket repairs or 
replacement. 


Internal damage to 


GENERAL ELECTRIC MANUFACTURES these dia- 
phragms from solid castings or plates carefully ma- 
chined to shape. Nozzle partitions are machined from 
solid chrome-iron alloy and welded to, or cast integral 
with, the webs. These partitions must direct the steam 
flow at the proper angle and velocity to the adjacent 
buckets. 


In this and many other areas of research G.E. is work- 
ing with electric utilities and consulting engineering 
firms to design the power makers for tomorrow’s load 
growth. For more information on General Electric 
turbines write for GER-905, Large Steam Turbine- 
Generator Department, General Electric Company, 
Schenectady 5, N. Y. 254-40 


Progress ls Our Most Important Product 


GENERAL @@ ELECTRIC 





THE CINCINNATI 
GAS & ELECTRIC 
COMPANY 
INCREASES 

ITS CAPACITY 


— SPECIFIES “BUFFALO” 
INDUCED DRAFT FANS 


Walter C. Beckjord Generating Station, Unit 
No. 3, Cincinnati Gas & Electric Company, 
where dependable induced draft by Buffalo” 
helps supply power for this well-known util- 
sty's growing list of customers 


“\ 
- 
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ADDITIONAL “BUFFALO” FANS ORDERED FOR 
ANOTHER UNIT TO START UP IN DECEMBER 1957 


The Cincinnati Gas & Electric Company, pushing through its 
ambitious program of expanded service, specified “Buffalo” I. D. 
Fans for both this new Unit No. 3 station and Unit No. 4 which 
will be operating in 1957. 


Selection of “Buffalo” by leading utilities for many, many years 
is your assurance of dependable, economical draft service. In fact, 
the “Buffalo” Mechanical Draft Fan you specify embodies the 
best of our 79 years of fanmanship— peak endurance, peak 
efficiency for its job— in other words, the “Q” Factor* that’s 
Bafcle” 1. D. Fen at Welter C. Bechjond Generating built into every “Buffalo” Fan. You'll be interested in our new, 


Station, Unit No. 3. Note beavy, reinforced construction improved lines of forced and induced draft fans — write for 


of inlet boxes and bousing. Inlet dampers provide : nat ~s Lane 
instant, positive draft control to match load. Heavy-duty engineering data today . 
. b “co oe ” . . . . . . 
clioning bearing are water-cooled Fen wher md aeThe "Q” Factor —the builtin Quality which provides troubledree 
erosion. ; satisfaction and long life. 


BUFFALO FORGE COMPANY 


BUFFALO, NEW YORK 
Canadian Blower & Forge Co., Ltd., Kitchener, Ont. 


VENTILATING AIR CLEANING AIR TEMPERING INDUCED DRAFT EXHAUSTING FORCED DRAFT COOLING HEATING PRESSURE BLOWING 
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THE NEW S-E-CO. MODEL 50 


COAL SCALE is the only scale that carries a 24° width 
of coal through the scale without restriction 


To meet the requirements of central 
stations and industrial plants that are 
using larger and larger boilers — and 
to move coal that is becoming more 
and more sluggish — Stock Equip- 
ment Company has developed their 
new Model 50 Automatic Dust-Tight 
Coal Scale. 


The inlet is a full 24” inside square and 
the feed belt carries the coal straight 
through in an unrestricted 24” stream. 
The belt has the well known S-E-Co. 
endless, molded construction and is 
carried on closely spaced anti-friction 
idlers. This design allows it to handle 
the inlet loading (even under the larg- 
est bunkers) without danger of belt 


failure or shortened life. 








The Model 50 includes many other new 
and advantageous features. Contact the 
Main Office in Cleveland or any of the 
local representatives to arrange for a 
conference to discuss these features in 
detail. Your next unit, whether it’s 


brand new or part of a rebuilding pro- 





gram, deserves and needs the new 
S-E-Co. Model 50. 


| grecuussts im Equipment Company 
| BUNKER TO PULVERIZER AND 
745-C HANNA BLDG., CLEVELAND 15, OHIO 
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L4N complete banelh a a 


personnel. panel 's designed and custom-built to your require- 
ments. Instruments and controls are arranged in a functional pattern for 
easy reading .. . assist in reducing fuel costs and operating errors. 


[+N complete pawl hw 4 time and costs for your panel 
on completel 


installati y assemble each panel in our plant, with all 
instruments in place, double-checked and tested. You receive panels 
ready to go when connected to primary elements and control devices. 


LEN complete panel ia 


design proble el engineers convert your requirements for 
control of boiler, turbine and auxiliary equipment into a functional lay- 
out for your approval. From this layout we prepare the electrical and 
piping diagrams and the final steelwork drawings. You receive prints of 
these drawings as part of our standard panel engineering service. 


Let an L&N panel engineer study your problems; 

he’ll explain in detail what we can do for your 

particular plant. Our fifteen years in building N 

panels for many utilities assures you of effective LEEDS NORTHRUP 
service. Write to Leeds & N orthrup Company , instruments automatic controls « furnaces 
4972 Stenton Avenue, Philadelphia 44, Pa. 
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EASTERN GAS AND FUEL ASSOCIATES 


PITTSBURGH + BOSTON «+ CLEVELAND «+ DETROIT - NEW YORK 
NORFOLK + PHILADELPHIA + SYRACUSE 


For New England: New England Coal & Coke Co., For Export: Castner, Curran & Bullitt, inc. 





Built on an 


Unassailable Foundation 
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BOILER FEED 
PUMPS 
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wGINEERING A TeRIALS 
GOOD EME quatlt’ For complete information on 
U : . 
’ Pacific Boiler Feed Pumps 


Write for Bulletin 122. 





PACIFIC PUMPS INC. 
HUNTINGTON PARK, CALIFORNIA 


Offices in All Principal cities 


Export Office: Chanin Bldg., 122 E. 42nd St., New York 
BF-23 
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12 years’ cost-free service completed 
by this Crane valve on saturated steam 


Since 1944, this Crane 16-inch Pressure-Seal 
gate valve has been handling 450 psi satu- 
rated steam. It’s working as a stop valve 
on « header in the Neches Butane Products 
Company’s butadiene plant in Texas. 
When opened for inspection recently — 
after 12 years of hard service—this rugged 
Crane valve was found to be in perfect con- 
dition. Not once has it leaked or needed 
maintenance at the bonnet joint or seat. 
Here’s why: instead of depending on bolt- 
ing to retain pressure, the Crane Pressure- 
Seal bonnet design utilizes internal fluid 


pressure to make a leak-free, maintenance- 
free joint. And with the Crane flexible wedge 
disc—self-adjusting to temperature changes 
—sticking of the disc is eliminated, and op- 
eration is always smooth and easy. 


Because they’re so trouble-free, and so 
compact and streamlined (saving line weight 
and simplifying insulation), Crane Pressure- 
Seal Bonnet Valves are giving consistent 
satisfaction on high-pressure, high-tempera- 
ture power plant service. Get full information 
from your local Crane Representative, or 
write to address below. 


C RAN a VALVES & FITTINGS 


PIPE e 


KITCHENS e 


PLUMBING ¢ HEATING 


Since 1855— Crane Co., General Offices: Chicago 5, Ill. Branches and Wholesalers Serving All Areas 
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MODERN OIL AND 





C-E Package Boiler—Type VP 
Completely shop assembled . . . avail- 
able in fourteen sizes from 4,000 to 
40,000 Ib capacity . . . pressures to 500 
psi. Available with integral console con- 





trol panel, this unit contains more 
water-cooled area per cubic foot of fur- 
nace volume than any other boiler of 
its size and type. It can be equipped 


with any of several approved burners. 




















C-E Vertical Unit Boiler 
— Type VU-55 

Available in six sizes . . . capaci- 
ties from 50,000 to 120,000 Ib 
steam per hour . designed for 
two pressure ranges, 250 psi and 
500 psi, and total steam tempera- 
tures up to 750 F. This double 
cased, gas-tight unit is equipped 
with tangential burners. A large 
(60-inch) steam drum assures gen- 
erous water capacity and steam 
reservoir space. Tangent tube 
waterwalls offer complete furnace 
protection, minimizing mainten- 
ance. 








COMBUSTION 


Combustion Engineering Building 


STEAM GENERATING UNITS « NUCLEAR REACTORS + PAPER MILL EQUIPMENT + PULVERIZERS + FLASH DRYING 
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C-E Vertical Unit Boiler — Type VU-50B 





GAS FIRED BOILERS 


The boilers illustrated here cover the broad capacity 
range from 4,000 to 600,000 lb of steam per hr. They 
are all especially designed for gas and/or oil firing. The 
two units shown on the left page (Types VP and 
VU-55) are standardized and each is available in sev- 
eral sizes. The capacity range covered by these two 
units is from 4,000 to 120,000 lb per hr. The two 
units below are custom designed for various capacity, 
pressure and temperature requirements up to 600,000 
Ib per hr, 1400 psi and 950 F. All these units are pres- 
sure fired and do not require induced draft fans. 


Collectively, they offer an exceptional diversity of 
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This unit is available for capacities from 50,000 to 400,000 Ib per 
hr—pressures to 1400 psi and temperatures to 950 F. This bottom- 
supported design uses tilting tangential burners providing effective 
superheat control. Horizontal burners can be furnished if desired. 
Heat recovery equipment as required. This unit makes available 
to industrial installations a standard of performance comparable 
to utility practice. 





ENGINEERING 


200 Madison Avenue, New York 16, N. Y. 


choice. A brief consideration of the features of each 
type will help you “pinpoint” the design characteristics 
best suited to your particular needs. 

Of course there are other C-E two drum Vertical-Unit 
Boilers available for pressures up to 1400 psi and tem- 
peratures up to 960 F. Shown here are but four popular 
members of the C-E family of Vertical-Unit Boilers— 
a family which has achieved a wide measure of accept- 


ince using all types of fuel. 


Please feel free to call on us for further detailed 


information. Catalogs are available upon request. 
B-922 
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C-E Vertical Unit Boiler — Type V2 

This unit is available for capacities from 200,000 to 600,000 Ib 
per hr. It can be designed for pressures up to 1400 psi and for 
temperatures to 950 F. Tilting tangential burners, providing super- 
hect control, are standard equip t although horizontal burners 
are available, if desired. A double, gas-tight casing assures lifetime 
tightness and minimum heat loss. Heat recovery equipment can be 
furnished as desired. 








SYSTEMS + PRESSURE VESSELS - HOME HEATING AND COOLING UNITS + DOMESTIC WATER HEATERS + SOIL PIPE 
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Now! 

Do away with 
deaerator 
maintenance 


Here’s a modern deaerator that eliminates 
most service problems because it has no vent 
condenser. 


Virtually eliminates maintenance. Crammed 
up against the ceiling, vent condensers are 
difficult to inspect and clean. With a Worth- 
ington full-contact deaerator you eliminate 
this trouble and expense. For plants that 
normally operate around the clock, shutdown 
for deaerator maintenance is rarely necessary. 


The carefully proportioned displacement 
flow path provided in the full-contact design 
concentrates the vent mixture by direct con- 
tact inside the deaerator shell. The vent 
condenser is no longer necessary. 


Saves space. Headroom required by the de- 
aerator may be cut by several feet—an im- 
portant consideration in today’s modern 
power plants where space is at a premium. 


Full-contact deaerator needs no external vent condenser 
(white outline). The full-contact design effectively concen- 
trates the vent-mixture inside the deaerator shell. 

aerators, the full-contact unit is highly effi- 


Vent to atmosphere Water inlet 
°o °o . cient at light as well as full load, as confirmed 
@ Pump suction connection © Overfiow connection by numerous field tests. 


@ Steam inlet Full-contact deaerators in various shell 
arrangements are available in capacities 
from 2,000 to 3,000,000 pounds per hour. 
Bulletin W-210-B32 has complete details. 
Incidentally, for the small power plant, 
Worthington builds a line of low-headroom 
deaerators that eliminate expensive elevated 
construction. For details, write to Section 
$66, Worthington Corporation, Steam Power 


——— 
AAAI AAMAS ES > . I *anada: j ino- 
=: ( -, SS Dept., Harrison, N. J. In Canada: Worthing 
ton (Canada) 1955, Ltd., Toronto, Ont. 


High efficiency. Like all Worthington de- 
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maxinc Great Savings 


in GAUGE MAINTENANCE 


(BOTH TIME AND COST) 


DIAMOND "Multi-Port 


BI-COLOR GAUGE 


ee 


SMALL The Diamond "Multi-Port” Bi-Color Gauge makes startling 
ROUND PORTS reductions in maintenance costs. In cases where accurate 
INSTEAD OF records have been kept, labor and material costs are less 
LONG GLASS AND than 1/5 the maintenance of conventional open port gauges. 
MICA STRIPS a This is due to the unique design . . . note particularly the 
4 advantages that are pointed out on the photograph. 
The “Multi-Port” operates on the Bi-Color principle . 
3 ways shows red... water always shows estes. 
, thas can be no question of water 
level, The gauge has been in con- 
GAUGE tinuous successful high pressure — 
NEVER REMOVED operation for more than three years 
FROM BOILER FOR in leading central station plants. 
GASKET CHANGES Users report excellent readability 
OR OTHER | and exceptionally high availability 
NORMAL ' as well as important reductions in 
MAINTENANCE F maintenance. Return the coupon 
below to get a copy of Bulletin 1174. 


ee 


STEAM SHOWS RED 





COMPLETE 
PORT CHANGE 


REQUIRES es EACH PORT 
ONLY ABOUT THERMALLY 


15 MINUTES ; INDEPENDENT 


4 suas ae bel > 
a: Fa. 


y rc-—— 

DIAMOND POWER SPECIALTY CORP. 

LANCASTER, OHIO 

Please send me without obligation a copy of new Bulletin 
No. 1174 explaining the advantages of the Diamond 
“MULTI-PORT" Bi-Color Gauge. 


DIAMOND POWER SPECIALTY CORP. 


LANCASTER, OHIO 


NAME 





COMPANY 





ADDRESS 


(ee cme cee eee ee ee ree me ee ee ee ee ee 
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The tougher the duty, the more 



























































Mechanical Draft Fan Gvrol Fluid Drive Motor 





LARGER MECHANICAL DRAFT FANS -— Girol Fluid Drive gives you the kind 
of accurate, efficient control of mechanical draft that results in important power savings, 
longer equipment life. The reason: Fluid Drive’s infinitely adjustable speed control, which 
enables each fan to operate at its optimum design or selection point. 

Chis adjustable-speed feature saves horsepower, gives good, stable volume and pres- 
sure control over the operating range . . . simplifies motor-starting equipment . . . reduces 
damaging high- and long-duration inrush currents on the motors . . . provides no-load 
starting of high WR2?s that exist in the new, high-volume, high-pressure fan wheels. 

What's more, it prolongs life of fan bearings; reduces fly-ash abrasion on fan wheel, 
fan scroll, inlet boxes, and breeching connections. When you add to these advantages the 
reduction in noise level, it becomes increasingly clear that the tougher the duty, the more 
you need Gyrol Fluid Drive for control of mechanical draft. 


= — 
on 
3 >) 














Rugged constant speed American Blower Smooth, 
induction motor Gyrol Fluid Drive adjustable-speed control 
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you need Gyrol. Fluid Drive 


























Boiler Feed Pump Gyrol Fluid Drive Motor 





LARGER BOILER FEED PUMPS  — As larger boiler feed pumps are built, there is 
a greater need for higher efficiencies and more accurate control. That’s why more and more 
consulting and utility engineers are recommending Gyrol Fluid Drive. 

You see, Gyrol Fluid Drive offers adjustable-speed pump control that saves power 
over the entire operating range by eliminating wasteful throttling. Then, too, Fluid Drive 
reduces wear on bearings and other vital parts by operating the pump at speeds that fit 
boiler demands. Paralleling of pumps is simplified. And emergency changeover from oper- 
ating to standby pump is fast and foolproof—there’s no need for boiler shutdown. 

If your plant expansion calls for boiler feed pump control, it will pay you to talk 
to an American Blower engineer. He can show you where Gyrol Fluid Drive can save power, 
cut costs, give you a more efficient operation. Contact our nearest branch office, or write us 
direct. American Blower Corporation, Detroit 32, Michigan. In Canada: Canadian Sirocco 
Company, Ltd., Windsor, Ontario. 


AMERICAN 


Division of Amenican-Standard 
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Highest Standard 
in Boiler 


and Pressure Tubing 
—— 


PERIEI, 





Electric welded boiler tubing is used today by 
all of the leading manufacturers of boilers and super- 
heaters—stationary, marine, and locomotive—high 
or low pressure—and meets the requirements of 
government and commercial specifications. 

With recent changes in the A.S.M.E. Boiler Code, 
it’s now possible to use electric weld boiler tubing at 
pressures in excess of 2,000 lbs. High strength“ Grade 
C” tubes are available for even higher pressures. 

Uniformity of temper and wall thickness makes 
Standard tubes easier to roll for tight .. . sure fit. 
Standard’s fine, smooth surface eliminates any need 
to polish ends for tight fit. Even a microscope won't 
spot the exact location of the weld. 

Nowhere will you find any more modern and 
Every length of Standard Boiler and Pressure Tubing complete facilities for precision manufacture and 
is tested at pressures far beyond code requirements inspection of Boiler and Pressure Tubing than you'll 
and can be readily bent or otherwise fabricated. find a4 Standard. : ; 

: For complete information‘on all Standard prod- 
ucts and services send for free 8-page folder today. 


STANDARD 


gh ae ae THE STANDARD TUBE COMPANY 
.) ¢ CES. 
all Standaré products 24400 PLYMOUTH ROAD p DETROIT 39, MICHIGAN 


Write address below. 
Welded stainless tubing and pipe ¢ Welded carbon steel mechanical e Boiler and Heat Exchanger 
e Exclusive rigidized patterns ¢ Special Shapes « Steel Tubing — Sizes: 4%" OD to 5%” OD 
— .028 to .260 wall ¢ Stainless —Sizes: 4%” OD to 4%” OD -—.020 to .165 wall. 
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Hall Industrial Water Report 


NUMBER 4 


VOLUME 4 
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Scale or Sludge Deposits Can Crop Up 
Most Anywhere Water is Used 


When they do, the water detective must find the cause and the cure. 
Sometimes the problem is run-of-mine. More often, however, it brings 
into play his skill and experience as a specialist in dealing with water. 


Cold Niagara 
Revealed as Offender 


As winter cold deepened, a chem- 
ical manufacturing plant on the 
Niagara River, a Hall client for 
many years, suddenly experienced a 
hard glassy deposit in the plant 
intake and distribution system. 
Pumps had to be removed from serv- 
ice for cleaning. Mechanical cleaning 
had no effect, but when the pumps 
were heated with steam the deposit 
softened and washed out. 

iG. H. Smith and R. E. Elliott, 
Hall engineers in the Buffalo office, 
found that the Niagara River water 
at the plant intake showed greater 
than normal values for calcium, 
alkalinity and pH, indicating con- 
tamination by an alkaline calcium- 
bearing material. However, this in- 
formation did not explain the fact 
that calcium carbonate was being 
deposited in the cold sections of the 
system rather than at points where 
the water was being heated. 

Elliott called J. P. Kleber at the 
home office in Pittsburgh for an 
opinion. From past experience, 
Kleber had the answer immediately. 
Hexahydrate of calcium carbonate! 

a quite uncommon material. Tem- 
peratures below 40F plus some free 
hydroxide alkalinity in Niagara 
River water had precipitated this 
compound. When the temperature 
was elevated, the material lost its 
water of hydration and left a rela- 
tively soft calcium carbonate mud. 

How to prevent the deposit? 
Nothing could be done about the 
contamination or the winter tem- 
perature of the incoming water. 
While treatment of this water with 
5 ppm of Calgon® would keep the 
scale from forming, in-plant changes 
appeared to be less costly than chem- 
ical conditioning. Well-pleased with 
the diagnosis and suggestions, the 
plant went ahead with these changes. 


Desuperheater 
Develops Deposit 


At a lumber plant in Oregon a 
low-pressure turbine using desuper- 
heated steam suffered a substantial 
decrease in capacity. Inspection of 
the desuperheater and the steam 
line beyond it revealed the presence 
of deposits an inch thick. 

R. T. Manion, Hall field engineer 
in Portland, uncovered the fact that 
during the night there was insuffi- 
cient condensate for desuperheating, 
so raw water was being used to 
supplement it. Evaporation of this 
raw water deposited the solids it 
contained in the desuperheater, 
steam lines and turbine. 

Further investigation produced a 
practical answer to the problem. 
During the day there was more con- 
densate than required for desuper- 
heating, so Manion recommended 
storing the excess for use at night. 
Now the plant has sufficient con- 
densate for desuperheating at all 
times. As a resuit, turbine capacity 
remains constant and the former 
difficulties with valves, strainers 
and traps are no longer experi- 
enced. A recent inspection of the 
desuperheater showed it to be clean. 


Midwest Power Co-operative 
Eliminates Manual Cleaning 
Of Preheater Trays 


Hand chipping of hard, white 
scale from their evaporator pre- 
heater trays was a time-consuming 
monthly task at a midwest power 
co-operative. J. F. Nelson, Hall field 
engineer in Kansas City, suggested 
changes in points of chemical feed 
ahead of the preheater in order to 
obtain good mixing of the condi- 
tioning chemicals before the water 


reached the preheater. He further 
recommended the feeding of 5 ppm 
of Hagan Dispersive®. 

Since the start of dispersive feed 
a 30 percent increase in evaporator 
capacity has been noted because of 
cleaner heat transfer surfaces. Also 
when the preheater trays were 
cleaned after three months’ oper- 
ation the deposit found was so soft 
it could be removed with the fingers. 
Further changes have been recom- 
mended which should result in even 
greater improvement in conditions. 





Hospital Reports Condition 
Of Boilers Excellent 


When a hospital on Long Island, 
New York, decided to increase steam 
poe capacity, Hall Labora- 

ries was invited to provide water 
conditioning service for the expanded 
boiler plant. 

Hall field engineer R. A. Beardsley 
found that the old boilers contained 
a considerable amount of scale diffi- 
cult to remove by mechanical clean- 
ing even though the make-up water 
had been zeolite softened and phos- 
phate and soda ash had been used 
for internal conditioning. Serious 
tube difficulties had been averted 
simply because the boilers had been 
operated at very low ratings. 

After three years of cooperative 
effort with Beardsley, the Chief En- 
gineer at the Hospital reports, ““The 
new boilers are free of scale and cor- 
rosion. The scale has been removed 
from the old boilers and it is now 
possible to operate during the off- 
heating season with only one boiler 
at greatly increased fuel efficiency.” 


Industrial Water Problems 
Require Special Handling 


There are no “stock answers’’ to 
industrial water problems. For in- 
formation write, wire or call Hall 
Laboratories, Inc., Hagan Building, 
Pittsburgh 30, Pa. 





Water is your industry's most im- 
portant raw material. Use it wisely. 


Hall Laboratories, Inc.—Consultants on Procurement, Treatment, Use and Disposal of Industrial Water 
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Research-Cottrell 


W Double-Deck’ 


Fiy Ash Precipitator 


Space was a big problem in this installation 
at the Burlington Generating Station of 
Public Service Electric and Gas Company 
of New Jersey. Two integral combination 
mechanical-electrical precipitators, large 
enough to handle 600,000 cfm of gas from 
Boiler No. 7, had to be squeezed into the 
smallest possible ground area. 


If a conventional side-by-side arrangement 
had been used, these two units would have 
required about 1,700 square feet. By 
“stacking” the two combination 
precipitators, one on top of the other, Other Research-Cottrell Precipitators at 
Research was able to cut this space ; ; 
: é Public Service Electric and Gas Company of New Jersey 
requirement by 50% —a saving of 
850 square feet. 


Although this arrangement had never been 
attempted with Research fly ash 
precipitators, Research knew from their 
experience with more than 500 central 
station Cottrells that it could be done. 
Guaranteed for 97% collection efficiency, 
these Burlington Generating Station units 
were placed in operation in October, 1955. 


Perhaps you, too, have a knotty problem 
that demands a more creative approach — 
backed up by experience with over 500 
fly ash precipitators. Whether you require 
a straight precipitator or a combination 
unit, at Research-Cottrell you can be sure 
of the most economical solution to your 
problem. 


Research-Cottrell inc. 


Main Office and Plant: Bound Brook, New Jersey * 405 Lexington Ave., New York 17, N. Y. 
Grant Building, Pittsburgh 19, Penna., 226 No. La Salle St., Chicago 1, lil. « 111 Sutter Bidg., San Francisco 4, Cal. 





Research-Cottrell's “double- 
deck” combination precipi- 
tators installed at Burlington 
Generating Station of Public 
Service Electric and Gas 
Company of New Jersey. At 
right, the simplified drawing 
shows the arrangement of the 
two integral mechanical- 
electrical collectors. 
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Allis-Chalmers Pumps Meet Power Plant Requirements 


New Pumps Give Milwaukee County Institutions 


.-- Dependable Power Service 


HESE modern multi-stage high pressure 

pumps assure continuous, economical steam 
for the Allis-Chalmers 3000-kw steam turbine 
units at the Milwaukee County Institutions. 

As new members of the Allis-Chalmers com- 
plete line of pumps, these units are designed to 
meet medium-high pressure, continuous serv- 
ice requirements of boiler feed duty in lower 
volume ratings. 





You get MORE than a Pump... 
When You Specify Allis-Chalmers 


You can take advantage of Allis-Chalmers wide 
experience in supplying pumps to all industries. 
You are assured of modern design, heavy duty 
construction and correct application aid — all 
adding up to years of dependable service. 


ALLIS-CHALMERS 
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Horizontally split casing with suction and 
discharge in lower half provide for simplified 
maintenance—without disturbing piping. Both 
radial and axial balance maintains close clear- 
ances and fits, gives low thrust bearing loads. 
Bearings are double-row ball bearings or alter- 
nate sleeve bearing with Kingsbury thrust. 
Sleeve and Kingsbury combinations have ring 
oiling as well as pressure lubrication. 


Allis-Chalmers is the only company that can 
offer you “One-Source” responsibility, with a 
complete unit — pump, motor and control — 
all built to work together. For “MORE” in- 
formation about Allis-Chalmers pumps, call 
your local A-C office, or write Allis-Chalmers, 


General Products Division, 


Milwaukee 1, Wisconsin. 





POLYELECTROLYTE 





@ As 2 coagulant in water clarification, and under 
many process coagulation conditions, new and different 
Nalco 600 has shown such great promise, both in 
performance and economy characteristics, that it has now 
been made available for general use as an established 
member of the Nalco family of chemical aids to industry: 


Extremely difficult coagulation conditions provide 
especially economical applications for Nalco 600. 
It can be used alone OF in conjunction with other 

A very low dosage of Nalco 600 usually 
permits h as 50% reduction in dosage of alum, 
activated silica, iron sulfate OF clay type treatments - -- 
and results in @ cleaner, clearer supernatant liquid. 


Nalco 600 was invented in the Nalco Laboratories, 
and is b ured only by Nalco. For complete 
data on Nalco 600, and expert technical assistance 
to solve your clarification and coagulation pre 


call Nalco now. 


NATIONAL ALUMINATE CORPORAT 
Telephone: POrtsmouth 7-7240 
6234 West 66th Place - Chicago 38, WWlinois 
IN CANADA: Alchem Limited, Burlington, Ontario 
NORTHWESTERN UNITED STATES, HAWAII and ALASKA 
The Flox Company, Inc., Minneapolis 3, Minnesota 
ITALY: Nalco Italiana, S.p.A- SPAIN: Nalco Espanola, S.A 
WEST GERMANY : Deutsche Nalco-Chemie GmbH 





® 


PROD 
| | UCT. Serving Industry through 
pal Applied Science 
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| USS SARATOGA 


The symbol, and the spirit, of the fighting 
gamecock lives on with the commissioning of 
the powerful aircraft carrier, USS Saratoga. 

The incident which gave birth to this 142 
year old Navy tradition took place on the decks 
of the second Saratoga in the War of 1812. In 
the opening minutes of the engagement an 
enemy ball landed on deck—crashing into a coop 
containing a gamecock brought aboard by a 
sailor. 

With a flurry of feathers, the startled bird 
flew to the rail and, as if expressing his per- 
sonal indignation, crowed lustily and defiantly. 
Taking this as an omen of good luck, the out- 
numbered and outgunned American ship 
entered the battle with new courage and won 
the day. 


HOW A TRADITION 
WAS BORN 


Ww & 


The Navy’s newest aircraft carrier is th 
sixth ship to bear the name Saratoga and 
adopt its fighting symbol. As aboard its sister 
aircraft carriers, the USS Forrestal, USS Inde- 
pendence*,and USS Ranger*, Walworth Valves 
and Fittings are installed. We are proud of the 
many contributions that our products and engi- 
neering skills have made to these outstanding 
vessels. 

Walworth products installed aboard these 
ships include Pressure-Seal Cast Steel Gate, 
Globe, and Angle Valves, Fabricated Cast Steel 
Manifold Valves, Cast Steel Y-Globe and Angle 
Valves, Bronze Gate, Globe. Angle, and Check 
Valves and thousands of Walworth pipe fittings 
including Walseal® Fittings, Flanges, and 


Unions. *Now under construction 


WALWORTH 


60 East 42nd Street, New York 17, New York 








SUBSIDIARIES: aL OYE) ALLOY STEEL PRODUCTS CO. Cone Rigel CONOFLOW CORPORATION © M&H VALVE & FITTINGS CO. 


SOUTHWEST FABRICATING & WELDING CO., INC. 


WALWORTH COMPANY OF CANADA, LTD. 
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Bartlett-Snow 
coal handling 


or Hitaonwille 


@ There have been many changes at Hutsonville, all engineered by 
Bartlett-Snow to Sargent and Lundy specifications,— the equipment fabri- 
cated in our shops and installed by our erectors. The first installation in 
the small, original plant (view at right) consisted of 24’ belts with capacity 
of 150 tons per hour. This system was then increased to 200 tons per hour 
capacity. More recently for a large new plant addition we have added an 
entirely new system with storage conveyor, weightometer, crusher and 36" 
belts with 400 tons per hour capacity. These new conveyors were installed 
directly on top of the original conveyors, that continue to serve the original 
building, and tied into the first system without shutting down the plant for 
even an hour. For fixed responsibility that insures the highly efficient, syn- 
chronized operation of the entire system as a unit, low maintenance and low 
operating costs, let the Bartlett-Snow coal handling engineers work with 
you on your next new plant, modernization or plant extension program! 








DESIGNERS 


wees? 


ens’ 


“Builders of Equipment for People You Know” 


General View of Hutsonville Power Station 
Centrai Illinois Public Service Co. 
Sargent and Lundy 
Consulting Engineers 


View of the Originul 50,000 KW Station Showing 
the 150 Ton/Hr. Coal Handling System 


View of Distributing Belt, Belt Tripper and Dust 
Tight Bunker Seal in New 100,000 KW Addition 








FLEXITALLIC 1S A WAY Of THINKING 


Consider the job that a FLEXITALLIC 
Spiral-Wound Gasket must do in high 
pressure process piping, in boiler and 
other pressure vessel “windows”, in 
containing corrosive chemicals, and 
in steam lines of ships at sea. 


In these and similar applications, 
where engineers are seriously con- 
cerned with confining fluids safely, 
notice the blueprints. See how often 
they call for Flexitallic Spiral-Wound 
Gaskets. It’s “engineering’s” way of 
thinking — safely. 

More than 40 years ago, Flexitallic 
ushered in a new era of high-tempera- 
ture, high-pressure sealing. Today, 
with flange standards of 2500 Ibs. and 
1050°F., Flexitallic Gaskets assure 


at's. 
asket is designed 

eet specific con- 
and physical shock, 


predictaWle joint stresses. Spirally- 
wound V-crimped plies of required 
metal with alternating plies of proper 
filler result in a resilient gasket hav- 
ing controlled compression character- 
istics like those of a precalibrated 
spring. 

Flexitallic Gaskets are at highest ef- 
ficiency when bolted up cold at a 
predetermined load. For all pres- 
sure/temperature ranges from vacu- 
um to 10,000 Ibs., from extreme sub- 
zero to 2000°F. For all standard joint 
assemblies. In four thicknesses for 
special requirements: .125”, .175”, 
oe, aee 


FLEXITALLIC GASKET CO. 
8th & Bailey Sts. Camden 2, N. J. 


Representatives in principal cities 


Henitallc 


SPIRAL-WOUND GASKETS 


*Flexitallic is a registered trade name. No one else can make a Flexitallic Gasket. 
Look for Flexitallic Blue—it’s our exclusive blue-dyed Canadian asbestos filler. 
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COMBUSTION 


Editorial 





An Opportunity for Authors 


There are many times during the course of an engi- 
make a among 
several economic alternatives. A familiar situation to 
many readers of this publication is to choose the most 
acceptable bid from among a group submitted for a 


neering career when one must choice 


specific type of power plant equipment. 

Detailed specifications are one of the most familiar 
prospective purchasers to have 
For major 


techniques used by 
vendors submit 
components of central stations, these specifications may 


bids on a common basis 
become documents comprising a hundred pages or more. 
In theory, at least, filling out such documents makes it 
possible to separate out the qualified and unqualified 
vendors. But when this has been done, the basic task 
of evaluating bids remains. 

The literature on steam power plants is quits com 
plete when it comes to descriptions of technical deiails 
and general economics of overall designs. Unfortunately 
this is not the case in the matter of economic evaluation 
of specific components, possibly because matters of 
purchasing policy may be involved in the many tech 
niques developed by consulting engineers and other 
purchasers. And yet it may be asked, if an engineer 
develops an improved method for evaluating bids, why 
should it not the technical 
literature, as would normally be the case were he to 
make an improvement in engineering design? 

In this issue of COMBUSTION we are pleased to publish 
the results of a comprehensive survey of dust collectors, 
with emphasis on analyzing proposals for this equipment, 
out by M. J. Archbold of Commonwealth 
Edison Company of Chicago. We believe that our 
readers will find information of value in Mr. 
Archbold’s survey and are hopeful that its publication 
will stimulate engineers to reveal practices in evaluating 
other types of power plant equipment. 
system evaluation of bids is 
While there are always in 

there are many areas of 


become incorporated in 


as carried 


much 


In a free competitive 
a most essential 


tangibles to be 


pre CeCSS. 


considered, 
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purchasing subject to concrete analysis. Any material 
that may be published to document techniques for 
evaluating bids may not only be helpful to engineers in 
similar positions of responsibility but will also strengthen 
the system that has meant so much to the economy of 
this nation 


Helping Those Who Help Themselves 


Educating and developing young engineers and techni- 
cians has come in for considerable attention these days. 
As could be expected the expanding economy has 
virtually cleaned out the manpower reserves in these 
categories. Further the lure of immediate income from 
positions not demanding the discipline nor the training 
of the technician and the engineer has siphoned off a 
number of the possibly qualified among the young. 
The recent annual convention of the National Associa- 
tion of Power Engineers at Fort Worth, Texas reported 
on the results of that organization’s decision to meet the 
problem head on. 

The NAPE a year or so ago decided to sponsor in 
conjunction with the University of Wisconsin at rela- 
tively low cost to the beneficiaries a self-education pro- 
gram on steam plant operation. This program, aimed 
at developing power plant technicians, also enables them 
to successfully meet operating engineering license exam- 
inations. The response has been excellent. The NAPE 
reports about 2000 inquiries and, interestingly, an in- 
crease in its own membership of roughly 1000. They 
agreed at their recent convention to expand the program 
to include courses in mathematics, chemistry and 
physics at high school and college levels plus certain 
special refrigeration and air conditioning studies. 

A report such as the above cannot fail to be inspiring. 
As a people it has been in our tradition to admire and 
encourage the efforts of any man who attempts to better 
himself. We accordingly salute the NAPE and its 
guiding officers for their vigorous approach to a nation- 
wide problem and wish them every conceivable success. 





Dust Collectors for Central Station 


Steam Power Plants 
By M. J. ARCHBOLD 


General Mechanical Engineer, Commonwealth Edison Company, Chicago, Illinois 


For the past several years Pennsylvania 
State University has sponsored Electro- 
static Precipitator Seminars, under the 
direction of Professor Ralph C. Armington, 
to which engineers have been invited from 
the chemical, cement, steel and electric 
utility industries, as well as from manu- 
facturers of dust collecting equipment. 
These discussions have prompted some 
of the participants to make closer inves- 
tigations of both purchasing and perform- 
ance characteristics of their dust collect- 
ing equipment. This article, which is 
adapted from a paper presented at the 
1956 Electrostatic Precipitator Seminar, is 
based on an intensive survey which the 
author made of practices on the Common- 
wealth Edison system. It brings together 
a great deal of specific information that 
central station design engineers may 
find of considerable benefit in specifying 
and analyzing proposals for dust collecting 
equipment. 
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HE first step in the survey of dust collecting equip 

ment on the Commonwealth Edison system was to 

set up a table showing pertinent data from each 
collector in such form that comparisons could readily 
be made between installations. It was hoped that such 
a table would point up rather dramatically the criteria 
that produced the varying degrees of success which was 
obtained from such installations. It was also hoped that 
the efficiency performance could be tied directly to the 
equipment with convincing finality. That apparently is 
too much to expect at the present, due to the lack of 
proper test data on our own collector equipment. In spite 
of this, the table is a very excellent guide if the criteria 
can be properly evaluated. 

Table I shows the comparative data. 
were insufficient test data to be of much help in arriving 
at definite conclusions, all such data have been omitted 
from the tabulation. In the absence of such data, the 
next definite criterion is the appearance of the stack 


Since there 


plume. 

Collectors F, G and I regularly produce the best look 
ing stack plumes. The gas velocity for Collectors F and 
G under actual operating conditions is 5.42 and 6.00 fps. 
For a pulverized coal slag tap furnace, this appears to 
be about the right velocity for high efficiency. Since 
I is a cyclone furnace with a much lower inlet dust load 
ing, the velocity (8.15 fps) can be higher and still ob- 


* Essentially complete text of a paper delivered at the Electrostatic Pre 
cipitator Seminar in June 1956 at Pennsylvania State University 
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tain a good looking plume. The treating time, plate 
surface and wire per 1000 cfm of gas are all very good for 
Collector G. The amount of wire per bus section is on 
the high side and probably does account for lower effi- 
ciency at times when a few of the wires are dirty. 

Column 9: Gas velocity is the first comparative item 
of significance, and it is very important. You will note 
that the velocities range from 5.13 to 9.1 fps. For a 
98 per cent collector we are at present aiming at 6 fps. 

Column 10: ‘Treating time is a function of gas ve- 
locity and length of plate, and it varies from 1.32 to 3.32 
seconds. For a 98 per cent collector, it probably should 
be in the order of 3 seconds. 

Column 12: The clear space between plates has been 
quite uniform at 8 in., with only 3 installations greater 
than Sin. Until more research has been done to justify 
a different spacing, we would tend toward the 8 in. now 
being used. 

Column 13: Several years ago it was felt that 17.5 ft 
was about the maximum height which could be toler- 
ated, but the size of boilers has increased so consider- 
ably that it has been necessary to increase the height of 
plates to hold the gas velocity down. As a result we 
have on order some plates 24 ft high. Since these have 
not yet been installed, it is not possible to make any com- 
ment. If care is taken in installing them so that they 
are relatively straight, no unusual difficulties are to be 
expected. 

Column 15: The length of the plate in the direction 
of gas flow varies from 12 to 20 ft. For a 98 per cent 
collector, the plate length should certainly be 18 or more 
feet. , 

Column 17: » feet of plate surface per 1000 
cfm range from 65.5 to 147. Again we would think that 
145 to 150 is a reasonable figure for a 98 per cent collector 
on pulverized coal furnaces. 

Column 19: Bus sections per 100,000 cfm ranges 
from 0.62 to 2.86. Certainly 0.62 is far too low, but 
whether we should aim at 3 to 4, as is the practice of the 
Consolidated Edison Company of New York, is problem- 
atical. 

Column 20: 


The square 


Square feet of plate surface per bus sec- 
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tion range from 3990 to 11,520. In the future, it will be 
our aim to be below 10,000, possibly 8000 or lower, and 
if disconnects can be arranged at reasonable cost, pos- 
sibly this figure can be cut in two to take care of short 
circuits. 

Column 22: Spacing of wire ranges from 5 to 9 in. 
with most of them in the 6 to 7 in. range, which appears 
about right. 

Column 23: The length of high tension wire per bus 
section, varies from 2887 to 10,625 ft. Here again the 
right amount is probably somewhere between 5000 and 
8000 ft. 

Column 24: The amount of high tension wire per 
1000 cfm of gas varies from 44 to 125 ft. It would seem 
that this item should be more definite. For a 98 per 
cent collector, we probably should aim at close to 150 ft 
of wire per 1000 cfm. 

Column 31: The length of rapping cycle should he 
short. The length of time between raps of an individual 
rapper certainly should not exceed 60 seconds. It will 
be noted that one collector raps on a 6-minute cycle 
and that is much too long, since the individual raps are 
quite noticeable in the stack plume. 

Column 32: The percentage of plate rapped must 
definitely be held low; 25 per cent is much too high. 
The percentage should probably be in order of 6.25 per 
cent or lower and the rapping sequence should be syn- 
chronized to prevent overlapping. 

Columns 33 to 36: We can offer very little with 
reference to wire rappers, due to our limited experience. 
Precipitator N is equipped with M-I rappers and they 
are ineffective. H and I have vibrolators, and an in- 
spection of I showed heavy deposits on the wires. E has 
syntrons and these are apparently heavy enough to do 
the job and, when properly adjusted, have kept the wires 
free from doughnuts. 


Selection of a Dust Collector 


The first important item is to determine the maximum 
amount of dust that will be allowed to escape from the 
stack. If pulverized coal is to be burned in a dry bot- 
tom furnace, the amount of dust that could pass into the 
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inlet of the collector might be in the order of 6000 grains 
per 1000 cu ft of gas at standard conditions. If a 98 per 
cent collector is to be purchased, it would permit 120 
grains per 1000 cu ft of gas to escape. 

If a pulverized coal wet bottom furnace is to be pur 
chased, the dust loading might possibly be in the order 
of 4000 grains per 1000 cuft. To obtain a maximum dust 
loading of 120 grains per 1000 cu ft, which is equivalent 
to that of a dry bottom furnace, a 97 per cent collector 
is indicated. 

For a furnace equipped with cyclone-type burners and 
a wet bottom, the dust loading should be under 1000 
grains so that an SS per cent dust collector could be 
selected. However, the dust from this type of burner 
will have a high percentage of very finely divided par 
ticles that may be quite dark in color compared with the 
very light gray of the pulverized coal furnace. From an 
appearance standpoint it would probably be desirable to 
step up the efficiency a few per cent, say to 90. 

In reviewing the specifications for dust collectors 
purchased in 1943, it was noted that the consulting engi 
neers requested a breakdown of prices and weights and 
certain data relative to dimensions. The thickness of 
metal in the housing and supports was well delineated, 
but pertinent data, so important in determining the 
ability of the collector to perform properly, were omitted. 
This was largely because the consultant and the purchaser 
did not understand the importance of obtaining such 
data. Gas velocity was about the only important design 
information requested. This was equivalent to sending 
a specification to automobile manufacturers stating that 
the car must be capable of operating at, say, 65 mph. 
It is hardly likely that any purchasing department, which 
normally selects the lowest bidder, would purchase a 
Cadillac or Packard, when a Ford, Plymouth or Chevro 
let could be purchased for far less, and still meet the speed 
requirement 

Since that time specifications have been improving. 
Besides asking for the price and terms that formerly had 
been requested, information is now being obtained that 
will permit a more intelligent comparison of the collectors 
and will go far in permitting the engineers to put evalua 
tions on performance. In so doing, it may be found that 
the lowest bid might not be the most economical pur 
chase to make 

Table II lists the pertinent data which should be 
requested for making a proper evaluation 
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Fig. 1—Relationship of gas velocity to collector efficiency 


After the data from the bids are tabulated, and rather 
wide differences are noted, the user may be confused as 
to the relative importance of some of the information 
and may wish to try to evaluate it. 

Some of the pertinent data from three bids have been 
listed to be used as an example and are shown in Table 
III. Since all three bidders have guaranteed 98 per cent, 
the one with the lowest offering could be selected with- 
out further consideration. On the other hand, it is quite 
obvious from the difference that certain evaluations 
should be made, since one of these collectors will definitely 
perform better than the rest. 
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Gas Velocity 


Fig. | has been prepared from an actual test, and with a 
fuel quite similar to that which will be used in our new 
equipment. In operation of steam-generating equipment 
the quantity of flue gas will vary from the optimum quite 
a little. The design may call for 10 to 20 per cent excess 
air but it is not unusual to find the excess much higher, 
due either to leaks in the casings and ducts, or to wear 
on the air heater seals, or to the operating force, pur- 
posely boosting the percentage to reduce furnace slagging 
difficulties. Irrespective of the reason, it will be very 
desirable to have a collector whose operating efficiency 
is as high on the curve as possible and not down close to 
the knee. In this instance Collector B should provide 
0.4 per cent higher efficiency than Collector C. 


Plate Surface 


Fig. 2 shows the relationship of plate surface to gas 


quantity. If this curve has the correct shape, then 
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Fig. 2—Relationship of plate surface to collector efficiency 


Collector C should have nearly a 1.0 per cent advantage 
over Collector A, which in turn is getting rather uncom- 
fortably close to the bend of the curve. Any sizable 
increase in excess air or leakage, could put Collector A 
below the desired 98 per cent efficiency. 


Length of Plate in Direction of Gas Travel 


Fig. 3 has been developed from empirical formulas 
and shows the relationship of the length of plate and gas 
velocity, in relation to efficiency. Here again Collector 
C has a considerable edge over Collector A. 

Two additional curves should be developed as aids in 
making the selection. One such curve should be the 
“feet of high tension wire’’ plotted against ‘‘collector 
efficiency’’ and the other would be the “power on the 
electrodes, per 1000 cfm of gas,’’ plotted against ‘‘collec- 
tor efficiency.’’ Neither of these has been developed, 
but we do have test data which have been put in curve 
form and which show the improvement resulting from 
increasing the power input to mechanical rectifiers. 
This is shown on Fig. 4, while Fig. 5 shows the manner in 
which this collector is connected electrically and helps 
to explain Fig. 4. Referring to the curves on Fig. 4, it 
will be noted that Curve I was produced by applying 15 
kva to ail 3 rectifiers. By increasing the power from 15 
kva to 25 on A or inlet rectifier, the performance as shown 
by Curve II was improved tremendously at the higher 
By pushing all 3 rectifiers up to 25 kva, 
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Fig. 3—Relationship of length of plate to collector efficiency 
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power on the collector will accomplish. It is unfortunate 
that the power on the high tension bus was not measured, 
as it would be a very valuable bit of information for 
selection of collectors. 

Referring again to Fig. 5, it will be noted that the inlet 
shows dotted lines. The left half wave connection of the 
rectifier was connected to the two left bus sections, and 
the right half wave was similarly connected to the two 
right-hand sections. Since the resistivity of the dust 
varies with temperature and since the air-leakage appears 
to lower the gas temperature more along the outside 
walls, it was considered best to reconnect all rectifiers so 
that the outside sections could be controlled separately 
from the inside sections. The same idea was carried out 
on the outlet sections. This is reported to have made a 
definite improvement. 

By this time the engineer may have a fair idea regard- 
ing the collector which he may feel should be purchased. 
He should take another step, before making a final con- 
clusion. 

Table IV was prepared to compare the proposals of 
four bidders. Most of the figures pertaining to the 
dollars bid have been deleted for obvious reasons. The 
base bid was on a 98 per cent combination, mechanical- 
electrostatic dust collector, whereas Alternate No. | 
covered a straight 98 per cent electrostatic collector. 
Since this was our first attempt at a comprehensive 
collector evaluation it may have much in it that can 
be criticized. 

In this instance, the evaluation of transformer equip- 
ment Item 4, was estimated by the electrical depart- 
ment, whereas it would be better to request prices on this 


TABLE IV 
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Total cost ($) 

Deduction for evaluation of trans- 
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Deduction for evaluation of rap 
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Fan power due to draft loss (kw) 
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Fig. 5—Electrical connections 


equipment from the manufacturer. This same comment 
goes for Item 5. 

Item 7 covers power to plates and may be considered 
rather unfair since the customer should welcome as much 
power on the plates as the collector will take, and not 
penalize the manufacturer for doing a good job. The 
outstanding comparison is shown in Items 11 and 12. 
Although the combination collector was lowest in price 
yet this evaluation very definitely, and with a wide mar- 
gin, threw it over to the straight electrostatic. 

Other items could and should be evaluated and were 
not in this particular instance. If the dust collector is 
to be located out of doors, then the protection against 
weather and corrosion is an important factor. For 
high-sulfur coals, a metal cap or housing over the top of 
the collector is a very valuable asset and should be eval 
uated. Two other items of tremendous importance are 
the square feet of plate surface, and the total length of 
wire. These should definitely be thrown into the pic- 
ture and evaluated so that the manufacturer who is try- 
ing to give you a good job is not unduly penalized. 
In one instance, the low bidder was quite low on plate 
surface and high tension wire. By increasing the height 
of the plates 3.5 ft, his plate surface and total wire were 
better than his competitors, and this additional gas pas 
sage area reduced the velocity from 7.1 to 6.03 fps. 

As will be seen from the curves on Fig. 1, this reduc- 
tion in velocity is equal to an improvement of roughly one 
per cent in efficiency over what would otherwise have 
been obtained, and this has been achieved at relatively 
little increase in cost. 

Acceptance tests are usually conducted under ideal 
DUST COLLECTORS 
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conditions, with the collector in a very clean condition 
and with the power at the optimum level, and the excess 
air carefully controlled. The curves in this report reflect 
those conditions, whereas in all probability, daily operat- 
ing efficiencies after the equipment attains a slight age, 
may be 3 to 5 per cent less than obtained on test. 


Roof 


For indoor dust collectors, it is not so important that 
the rvof be watertight, but for an outdoor dust collector 
a tight roof is definitely of the first order. Observations 
of outdoor dust collectors where leaks had occurred 
show that a small amount of moisture produces semi- 
hard lumps that often bridge the gas passage. The 
lumps are sufficiently hard to remain in one piece, even 
after falling a distance of 18 to 20 ft. The sections in 
which these occur are either out of service until these can 
be removed or the efficiency is too low to be tolerated. 
Many times these lumps cannot be dislodged until the 
boiler can be taken out of service. 

On several outdoor dust collectors gunite had been 
applied to the inside of the shell to protect it from cor- 
rosion. Either due to faulty workmanship or to the fact 
that no gunite can be expected to be monolithic without 
flaws, cracks developed, permitting gas to reach the steel 
shell where the sulfuric acid condensed on the plates cor- 
roding them through in a number of places. 

To correct this situation, the gunite was removed from 
the inside and insulating material that had been water- 
proofed with ‘‘Insulcote’’ had been applied to the outside. 
Over the roof a welded air-right metal cap had been 
placed, with sufficient head room to permit maintenance 
of the electrical equipment and to make the necessary 
repairs to the collector plates, wires, etc. The fact that 
these collectors were on the discharge side of the induced 
draft fans, made it necessary to install small blowers to 
create a positive pressure in this area so that gas would 
not leak out in this chamber. This housing has not been 
insulated and after several years service it still shows no 
signs of corrosion. 

The roof originally had been covered with a lightweight 
concrete aggregate which was then coated with a bitu- 
mastic sealing compound. This material has a consider- 
able tendency to crack with changes in temperature and 
expansion so that moisture does reach the plate and chill 
it, causing the sulfuric acid in the gas to condense out 
and corrode the inside of the collector. On a recently 
installed collector, an effort is being made to correct this 
condition by imbedding a glass cloth membrane in the 
bitumastic waterproofing so that any cracks which do 
occur will remain tight against the weather. At this 
installation all projections above the roof will be flashed 
similar to the flashing used in the roofing trade. 

From these experiences, it is rapidly becoming an 
accepted belief that a welded air-tight metal cap that 
has a minimum of openings through it and in which the 
air infiltration can be properly controlled, will prove to 
be the most practical and most economical installation 
in the long run. 


Voltage Regulators 


Until quite recently, little attention has been given the 
matter of voltage regulation. When the manufacturers 
first proposed automatic voltage regulation, the price, 
which was then roughly $1000 per rectifier, was a very 
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large obstacle. No one was then in a position to justify 
their purchase. 

Subsequently, visits to the stations pinpointed several 
very important facts relative to voltage control. For 
the most part, the adjustment of the voltage is done by 
the electrician. The cabinet or room containing this 
control is usually kept under lock and key because of the 
high voltage involved, and the electrician carries the key. 
This control is also usually located adjacent to the dust 
collector which is on the opposite side of station from the 
center of activity of the electrician. A trip out of the 
rectifier can be and usually is signaled to the boiler room 
panel. The operator then calls the electrician, and in 
due time, depending upon where he happens to be work- 
ing on the property, he arrives to put the rectifier back 
in service. In the larger stations where distances are 
great this can mean a material outage time. The tend- 
ency is to set this control low enough so that the collec- 
tor will operate over a wide range of temperature and gas 
velocity, and over a wide range of dust characteristics 
without tripping out. If reference is now made to Fig. 
4, it can be readily seen that under certain conditions, a 
small variation in power to the collector can make wide 
variations in collector performance. 

Armed with this information, it was not difficult to 
convince ourselves that voltage regulators might be a 
necessity if we were to maintain clear stacks and keep 
down complaints. The last two collectors have been pur- 
chased with voltage regulators, but they are not yet in 
service, so we cannot comment on their effectiveness. 

In addition to this, voltage dividers are being supplied 
in the rectifier cabinets together with the necessary volt- 
meters and ammeters to determine accurately the voltage 
and power being applied to the high tension electrodes. 

If it proves possible to obtain a series of efficiency tests 
at various loads on this equipment, the following curves 
may then be established: 


(a) Watts per thousand cfm of gas plotted against 
efficiency. 

(6) Voltage plotted against efficiency. 

(c) Amperes per ft of wire versus efficiency. 

(d) Feet of wire per thousand cu ft of gas versus 
efficiency. 


Rappers 


Maintaining a commercially clean dust collector is of 


importance in obtaining good collector 
efficiency. For this reason, the type and number of 
rappers becomes significantly important. The old con- 
crete plates had chain scrapers that removed the dust but 
which were difficult to keep in operation. These have all 
been replaced. 

The swinging-hammer rapper is still installed on several 
of the older dust collectors. It is quite effective in dis- 
lodging the dust from the plates, but the re-entrainment is 
quite heavy, and the stack plume is darkened materially 
during the rapping period. They are motor driven and 
are automatically timed to complete a cycle in approxi- 
mately one minute, but due to re-entrainment, none are 
operated during daylight hours. Some of the objection- 
able darkening of the stack plume is due to the large 
amount of plate surface rapped at one time. For com- 
parison one installation has four of these which means 
that 25 per cent is rapped at one time, whereas the collec- 
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Fig. 6—Magnetic-impulse rapper 


tor adjacent, which is not much larger, makes use of 16 
magnetic impulse rappers, so that only 6.25 per cent is 
rapped at one time 

To get just enough rapping to dislodge the dust, but 
not enough to create excessive re-entrainment, requires 
facilities for obtaining micrometer adjustment of the 
rapping intensity. The swinging-hammer rapper does 
not have this feature 

Pneumatic rappers are used on several dust collectors 
on the system. These have various types of actuating 
Most of these can be set up to deliver a suffi- 
They use air, so that if 


devices. 
cient rap to dislodge the dust. 
many rappers are involved, their frequent use usually 
cannot be tolerated because it drags the air pressure too 
low. With a longer interval of timing, they also cloud 
the stack 

On one installation where they are pneumatically 
timed, several rap nearly simultaneously so that a clouded 
plume is produced. This rapper has not been received 
with much enthusiasm 

The magnetic-impulse rapper is now installed on more 
collectors than any other type and has been able to over 
come many objections mentioned above. It is possible 
to alter the frequency of rapping as well as the intensity, 
so that it is difficult to tell by the appearance of the stack 
when they are shut off. Fig. 6 shows the magnetic- 
impulse rapper 

During the first few years of operation of this rapper, 
the operating people felt that it was nearly perfect and 
were quite vocal in their praise of it. With further 
experience, however, certain failures began occurring. 

The induction coil is mounted on a Bakelite sleeve and 
this is firmly held in the rapper housing which in turn is 
attached to the rapper bar. Each rap imparts a shock 
to the winding insulation. A number of these coils have 
broken down at the turns. Others have broken down at 
the joint where the leads are connected to the coil. 


Rectifiers 


Until the electronic tube had proved its longer lite, 
it was our opinion that the mechanical rectifier was the 
more economical of the two. It still is on one of our small 
stations where the regular electrician maintains the 
mechanical sets along with his normal duties. [n the 
larger stations, where there are a number of dust collec- 
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tors and where there are a large number of rectifiers on 
each collector, the time required just to keep these 
rectifiers clean runs into considerable money. At one 
station, there are 12 mechanical rectifiers which require 
weekly cleaning with a weak solution of ammonia to 
neutralize the nitrous oxide deposits. This requires 20 
man-hours of labor. You can see that, were the next 
collector equipped with mechanical rectifiers, it would 
take the full time of one man just to keep them clean, and 
repair costs would be on top of this item. 


Inspections of Dust Collectors 


fo determine accurately the conditions under which 
the precipitator is working, care must be exercised in 
shutting the equipment down so that dust deposits will 
not be disturbed. 

Observance of these deposits will shed considerable 
light on just why the precipitator does a good or poor job. 
In order to make quick repairs to the steam-generating 
equipment, it is frequently the practice to open all access 
doors and run the fans at top speed. With the boiler 
cooled in this fashion, the inspector can hardly expect to 
find the deposits undisturbed. The high air velocities 
will have destroyed much of the evidence he is seeking. 

To make the inspection, proper equipment should be 
A good boiler inspector's suit is almost a neces- 
sity. Such a suit usually will have an undergarment 
Both garments will have rubber bands at the wrists and 
ankles to keep the dust out at these points. The outer 


used. 


garment will be equipped with a hood which also will 
have a rubber band to keep the hood snuggly against the 


face. A snug-fitting skull cap should be employed under 
the hood. In addition to this, a good set of goggles and 
a dust mask are a necessity as well as a good pair of gloves, 
especially if the precipitator is hot. A sealed-in beam 
searchlight will aid greatly in taking a good look. This 
sounds very elementary, but the fact that very few 
power plant men supply themselves with adequate inspec 
tion equipment, probably accounts for many of the poor 
conditions that exist. 

Fig. 7 shows roughly a cross-section through one of our 
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Fig. 7—Cross-section through recently installed collector 
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new collectors. The dust builds up on the vanes of elbow 
‘‘A”’ as indicated by the figure “J."" It also builds up at 
“2” to a depth of approximately 4 ft just ahead of the 
perforated plate ““B.”’ 

The buildup at “2’’ is now being removed daily by air 
jets located in a header as shown at “3."’ This buildup, 
must have materially altered the uniform flow of gas 
through the collector, and must have had a detrimental 
effect on the collector efficiency. The direction of blow- 
ing is in the direction of gas travel, and this is correct 
in so far as dust removal is concerned. However, from 
the standpoint of gas distribution through the collector, 
it is not good. It would have created less disturbance 
when blowing, had it been placed immediately below the 
perforated plate and the nozzles pointed in the opposite 
direction. No solution has been found for the deposits on 
the turning vanes at ‘J.’ The elbow ‘A’’ is directly 
above a tubular air heater, which is an excellent device 
for straightening out turbulent gas. Had this elbow 
been made square, as indicated by “E,”’ and had small 
multiple-turning vanes with inlet and outlet edges tan- 
gent to the gas flow been mounted as indicated across 
the corner, dust probably could not have built up suf- 
ficiently to have upset the flow pattern through the 
heater. If dust should build up on them, then it might 
be necessary to resort to the soot-blowing technique, or 
to syntron vibrators to remove it. The spacing of these 
vanes is customarily the distance of '/, the chord. 

Inspection of the perforated plate “D’’ showed all 
holes completely plugged from the top down to the mid- 
point of the plate, and nearly half of its width. This 
must also have had a very detrimental effect on gas dis- 
tribution. The wires on this collector were being rapped 
regularly, but after five months operation, the buildup 
in certain sections was sufficient to bridge from wire to 
wire and to be several inches thick. Some of it was 
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Fig. 8—Rectifier arrangement for collector in Fig. 7 
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Fig. 9—Dust collection system for collector in Fig. 7 


smooth as though trowelled. This condition is illus- 
trated at ‘‘F.’’ It will be noted that there are no turning 
vanes in the outlet elbow. This is probably the only 
collector on the system where such vanes have been 
omitted. At this time we are not certain whether it was 
a good idea to leave them out. It is possible that turn- 
ing vanes at this point would tend to maintain a more 
uniform gas flow through the precipitator. 

Fig. 8 illustrates the six full-wave rectifiers connected 
to the six bus sections of this same collector. Whereas 
this collector met its guarantee when tested, which indi- 
cated that full-wave rectification may be efficient, yet 
our thinking now is that half wave rectifiers would have 
provided twice the number of bus sections and we could 
have had two in series as well as six in parallel. Since 
there is rarely a time that one or more sections are not in 
trouble and rarely are they all in at one time, it is now 
believed that the half-wave arrangement would have 
given us improved overall collection. When one section 
is out of service 16.6 per cent of the gas escapes untreated, 
whereas with half-wave rectification, the remaining sec- 
tion in that series could be expected to pick up possibly 
70 per cent of the dust in that lane instead of losing 100 
per cent of it. 

Fig. 9 shows the schematic layout of the dust collec- 
tion system in connection with the collector shown in 
Fig. 7. Three of our precipitators are equipped with the 
air-slide type of ash conveyor and all three vent back into 
the inlet of the precipitator. Tests on the dust loadings 
in the vent show an unusually high concentration of ash. 
This particular collector, venting back to the inlet, cir- 
culates nearly 50 per cent of the normal collection. This 
was an item that was completely overlooked in the design. 

Fig. 10 shows a side view of Precipitator F. The per- 
forated plate ‘‘A’’ in this instance is at the air heater out- 
let, rather than at the precipitator inlet. Wind tunnel 
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Fig. 10—Side view of Precipitator F 





engineers tell us that gases cannot be expected to diverge 
more than six degrees on each side of their stream, so that 
from this consideration it would be better if this plate 
were located at the precipitator inlet to get better dis- 
tribution of gas through the collector. The dust pile 
up on vanes ““B”’ and “‘F”’ and at “D”’ does not help the 
distribution either. At “E,’’ bus sections have been 
shorted out several times by dust building out from the 
high tension support rod and the insulator. It has been 
necessary to shut down the collector to remove these 
shorts. The buildup at ‘‘F’’ completely blocked off the 
perforated plate for the entire width of the collector. 
The baffles at ‘“‘G’’ were badly corroded on the tops, so 
that much of the gas could bypass the collector. Fig. 
11 is of an identical boiler layout and shows the dust 
buildup on the turning vanes of the inlet elbow above the 
air heater. The shape of the deposit shows there is some 
laning, possibly due to the slugging of some air heater 
tubes, or it may be due to the damper setting. The 
superheater and economizer gas passes are parallel and 
both are dampered at the entrance to the air heater. 
At certain loads the economizer damper is nearly closed, 
forcing all the gas through the superheater side. The 
temperature of the gases under such conditions will vary 
more than 100 deg F from one side to the other. 

To dislodge the dust from the turning vanes, an experi- 
ment is to be tried out. The right half of this collector 
is to have the turning vanes divided horizontally into 
three sections. Following the rule of thumb of wind tun- 
nel engineers, these vanes will be small semi-circles, with 
the inlet and outlet edges extended only far enough to be 
tangent to the gas flow. They will be spaced apart just 
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Fig. 


ll—Front view showing fly-ash buildup on turning 
vanes above air heater, No. 7 boiler, Station No. 10, Aurora, fu. 


half the length of their chord. One section will be rigid. 
It is the hope of the designer that it will automatically 
keep itself clean, which is probably too much to hope for. 
The middle or second section will be spring mounted and 
will have a heavy-duty syntron vibrator to shake off the 
dust. The third section will have the vanes pivoted so 
they can be rotated rapidly against a stop. It is hoped 
that this will jar the dust loose and that the pivots will 
not freeze tight in their bearings. 

To show what can sometimes be accomplished with a 
poor layout, Fig. 12 is shown. ‘‘A”’ of this sketch shows 
the plan view of “C”’ precipitator as it was originally 
installed, and ‘‘B’’ shows the design after rebuilding. 
‘“‘A”’ shows two sections in parallel and three in series. 
The gas velocity was very high and the efficiency was 
very poor. This collector was rebuilt according to Fig. 
12. Here we have four sections in parallel and two in 
series. The former idea of having three in series was 
very good, except for the fact that the velocity was very 
much too high. A sacrifice was made by building the 
new collector with two in series; but by having four in 
parallel instead of two, the gas velocity was dropped to 
one-half the former velocity and that more than offset 
the loss due to the triple series arrangement, and the 
collector now meets its guarantee. 

Fig. 13 shows a cross section of the combination me- 
chanical electrostatic Collector E. It was and still is 
thought by some of our engineers and the engineers of our 
consultants, that to obtain the highest collection effi- 
ciency, a combination collector should be used. To collect 
the high-resistance ash of the low-sulfur eastern coals, 
such a belief may be true. To collect the ash of the high- 
sulfur coals of Central Illinois it is not necessary to have 
both a mechanical and an electrostatic collector in series. 

It appears at this time to be an unfortunate installa- 
tion. The collector has been in service about six months, 
during which time two inspections have been made of it. 
The electrostatic section appears to be doing about as 
well as was planned for it, although it has not yet had its 
acceptance tests, but the mechanical section was found 
badly plugged during the first inspection. The draft 
loss through it had nearly doubled. It was not surpris- 
ing to find this condition since the drying out and start- 
ing period had been done by using relatively large quanti- 
ties of natural gas and the stack temperatures were low. 

When starting the second run, a conscientious effort 
was made to have the flue gas hot and as dry as possible 
during the start and regular operation. The stack tem- 
perature could run at 275 F, but the incoming air to the 








End view showing maximum 
fly-ash buildup 
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Fig. 12—Original design (above) and design 
after rebuilding (below) 


air heater has been heated as high as possible with steam 
bled from the turbine, so the stack temperatures actually 
run at 325 to 350 F 

Under this more favorable condition, the dust outlets at 
‘““A”’ were all 100 per cent plugged. The gas outlets were 
only completely plugged on a small percentage whereas 
this whole area was largely plugged on the first inspection 
on both the dust and gas outlets and on some of the inlets. 

The cyclone separators at “B’’ were in better shape on 
the first and second inspections, largely due to the ability 
of the operating group to hand lance the dust outlets 
through the access door ‘‘D.”’ 

The ‘‘A”’ cyclone separators empty in a smal! hopper 
and discharge through pipe “‘C”’ to the large hopper, 
hence there is no chance with such an arrangement to 
lance the cyclones in this section. 


Washing Equipment and Wire 


The boilers which are now being engineered will be so 
designed that the fire side of the tubes can be washed at 
intervals of say once each year. On one such occasion, 
the moisture from the furnace condensed in the air heater 
and dust collector, wetting the ash that remained, so 
that shorts occurred which could not be cleaned until the 
next outage. With this experience in mind, it is the plan 
to so design the last boiler purchased, so that all equip- 
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ment from the burners to the stack can be washed. This 
is a large order, but our engineers believe it can be done. 
With everything washed clean, including the dust collec- 
tor, it is believed that condensation occurring in starting, 
will evaporate again without shorting out the collector. 

The Edison Company’s precipitator installations con- 
tain various types of high tension wire. There is square 
iron, twisted square iron, stainless steel ribbon, stainless 
steel round, and round iron. There may be considerable 
merit in the theory that the corona from the sharp edge 
of a straight or twisted square iron is more intense than 
for other shapes, or that the flutter of a ribbon will keep 
that type of wire clean without the aid of vibrators. 
In actual practice, the dust buildup on any of them can 
be sufficiently heavy to nullify all such good points. 
For units collecting dust from Central Illinois coals such 
as Edison uses, the high tension wire will collect varying 
amounts of dust, depending upon fineness of grind and 
velocity, and temperature of the gas. It appears from 
inspections made during the past year that the smooth 
surface of a round stainless steel wire will shed the dust 
better than the other types and that they can be more 
vigorously vibrated for dust removal purposes without 
excessive breakage. 

It also appears that for the ash from these same coals, 
that it is very essential to equip the high tension frame 
with a rapping device that can remove such buildups. 


Perforated Discharge Plates 


Inspections show varying degrees of buildup on these 
plates. Some have been found with their gas passage 
area over 50 per cent plugged. The uniform gas flow 
through the collector must be seriously upset under such 
conditions. This condition calls for two things. First, 
the plate should be spring mounted and sectionalized, 
so that it can be vibrated, and second, some type of 
device will need to be employed that will remove the 
dust at regular intervals, possibly once each shift or once 
each day. Possibly the magnetic-impulse rapper is the 
device to accomplish this. 
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Fig. 13—Combination mechanical-electrostatic Collector E 
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Installation view showing simple support for gas turbine 
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Gas exhausted to boiler in rear to generate steam 


A New Gas Turbine for 
Industrial Applications 


On July 26 Clark Bros. Co. of Olean, N. Y., one of the 
Dresser industries, demonstrated for the technical press 
an 1130-bhp gas turbine originally manufactured in 
Lincoln, England, by Ruston-Hornsby Ltd. Designated 
as the Mark TA, the newly acquired design, which 
is to be manufactured and sold in this country by Clark 
Bros. under a licensing agreement with Ruston-Hornsby, 
is in many respects similar to the larger Clark Type 
302, an 8500-bhp gas turbine which was developed in 
1955 (see ComBusTION, August 1955, pp. 54-55). 

The new unit, of which 40 have been or. soon are to 
be placed in operation, is well suited to stationary or 
portable power generation and to marine and industrial 
mechanical drives. Typical areas of use are gas and 
fluid transmission where the variable-speed” or high- 
starting torque characteristics of a two-shaft turbine are 
required. It is also adaptable to processes where power 
is required and where exhaust energy can also be used 
for preheating or steam generation. 

The Mark TA gas turbine operates on a simple open 
cycle. It is a dual-shaft, series-flow unit which de- 
velops 1130 bhp at 80 F and an altitude of 1000 ft. 
While the nominal output turbine speed is 6000 rpm, 
built-in planetary gears permit output speeds of 1500 
or 1800 rpm for driving 50 or 60-cycle generators. The 
turbine is designed for normal operation at an inlet 
temperature of 1340 F and-_can reach full load within 
two minutes of initiating the startup cycle. Weighing 
approximately six tons, the turbine is readily portable 
and can be furnished with either a one-piece or two- 
piece base. Three-point support of the unit assures 
proper alignment. 

Features shared in common by the Mark TA and the 
Clark 302 gas turbines include a single combustion 
chamber, air cooling, long life and easy accessibility. 
Combustion air is supplied by a 13-stage axial flow com- 
pressor at a pressure ratio of 4.0 and a flow of approxi- 
mately 22 Ib per sec, the compressor being driven by the 
high-pressure turbine at approximately 11,500 rpm. 
Combustion takes place in an elbow-type combustion 
chamber with a single burner. 

Starting is accomplished by turning a single hand 
wheel. It was apparent at the Olean demonstration that 
a relatively unskilled operator could start the gas tur- 
bine merely by turning this hand wheel and checking on 
several temperature and flow meters. 


Model of typical stationary plant installation 
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Another example of Western Precipitation Know-How 
in Dust, Fume and Fly Ash Recovery... 





When a major oil company recently installed a 
new fluid cat cracker in the Salt Lake area, one of the 
first considerations was for efficient clean-up of the 
stack gases to protect against detrimental air 
pollution. 


So the problem of final clean-up was brought to 
the organization that has more know-how, more 
widespread experience in recovering dusts, 
fumes and fly ash from industrial gases than has 
any other organization...Western Precipitation 
Corporation. 


And this job, like most recovery installations, 
had its special problems that made experience an all- 
important factor. For one thing, space requirements 
dictated an extremely close coupling of the recuper- 
ator and recovery equipment—which, in turn, neces- 
sitated that an advanced design of gas distribution 
system be worked out by Western Precipitation 
engineers. This and other unique features were 
incorporated into this COTTRELL Precipitator to insure 
optimum clean-up efficiencies. 


Result... final clean-up provided by the COTTRELL 
is so efficient that the outlet loading is only $944 
lbs./hr. Although air pollution codes are becom- 
ing increasingly stringent, this far surpasses 
the nations most rigid codes — further proof that 
Western Precipitation COTTRELLS deliver that 
vital extra performance so important on a long- 
range investment of this type. 
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This Salt Lake installation—not a large job as 
recovery installations go—is typical of the advanced 
engineering and careful attention to details that char- 
acterize every Western Precipitation installation, 
from the smallest to the largest. Western Precipita- 
tion know-how extends back over almost 50 years of 
wn a leadership in the complex science of dust, fume and 
“ , i ‘3 , fly ash recovery ...and includes COTTRELL electrical 
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a ha recovery equipment, MULTICLONE mechanical recovery 
; acs. } equipment, CMP combination electrical -mechanical 
recovery equipment and DUALAIRE filter type recovery 
equipment. You get an unbiased recommendation from 
Western Precipitation—backed by know-how un- 

matched in the industry! 


In all major industrial areas of the United States 
and Canada, this unsurpassed experience is as 
close as your telephone. May we be of service on 
your current recovery problem? 


Western Precipitation Corporation 


Designers and Manufacturers of Equipment for Collection of Suspended Material from Gases 
... and Equipment for the Process Industries 


Main Offices: 1022 WEST NINTH STREET, LOS ANGELES 15, CALIFORNIA 


Chrysler Building, New York 17 « 1 North La Salle Street Building, Chicago 2 « Oliver Building, 
Pittsburgh 22 * 3252 Peachtree Road N. E., Atlanta 5 + Hobart Building, San Francisco 4 
Precipitation Company of Canada Ltd., Dominion Square Building, Montreal 
Representatives in all principal cities 


August 1956-C OMBUSTION 





Avon No. 8 
A Supercritical Pressure Plant 


By C. A. DAUBER 


Director of Civil and Mechanical Engineering Division 
The Cleveland Electric Illuminating Company, Cleveland 1, Ohio 


This article describes the 250,000-kw 
supercritical pressure addition to the Avon 
Plant of The Cleveland Electric Illuminat- 
ing Company. Special features of the 
third supercritical pressure unit designed 
for an American central station include 
the use of a monotube once-through 
boiler, combination motor and turbine- 
driven boiler feed pumps, extruded pipe 
for main steam leads, condenser bypass 
demineralization system .and a _ high- 
temperature water heating system for the 
plant addition. 


four generating plants and serves a 1700-square- 

mile area in northeast Ohio. This year the Com- 
pany is observing its 75th anniversary, its earliest prede- 
cessor having been founded in 1881 by the celebrated 
arc-lamp pioneer, Charles Francis Brush. Growth of 
both Company and area is indicated in these words 
spoken during the official ground-breaking for the new 
unit by the Company’s president, Elmer L. Lindseth: 
“In 1881 the Illuminating Company’s earliest ancestor, 
The Brush Electric Light and Power Company, had one 
steam generating unit which when run at full capacity 
would light a total of 88 lamps. When the new unit 
begins operation at Avon, the Illuminating Company 
will be able to turn out a total of two million kilowatts. 
. .. This will be two and one-half times our generating 
capacity at the close of World War II.” 

This tremendous load growth has been a challenge to 
the Company’s engineers to design and construct the 
most efficient and economical generating plants. The 
recent breakthrough of the critical pressure barrier for 
steam and water provided a new tool for higher thermal 
efficiency, but it also brought along a host of intriguing 
problems in such fields as high-temperature metallurgy 
and boiler feedwater conditioning. This paper is being 
written to attract the interest of young engineers who 
may not be aware that electric power generation is an 
area of technology which has achieved, in the case of 
The Cleveland Electric Illuminating Company, a re- 
duction in fuel consumption from 6 lb per kwhr to 0.67 
Ib per kwhr in the past 75 years. To these young en- 
gineers, as well as to those more experienced in central 
station design and operation, it is hoped that the in- 
formation will convey some of the challenge that faced 


| HE Cleveland Electric Illuminating Company has 


*Paper presented at ASME Semi-Annual Meeting, Cleveland, Ohio, 
17-21, 1956, under auspices of Power Division 
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engineers of our Company when initial announcement 
was made in the summer of 1955 that Unit No. 8 for the 
addition to Avon Plant was to employ a supercritical 
pressure steam cycle. 

Since emphasis in this paper is on unusual features of 
design, many details duplicating conventional central 
station practice will not be discussed. All aspects of 
the design had not been ‘‘frozen”’ at the time of prepara- 
tion of the manuscript, so some portions may be sub- 
ject to future revision. It was thought that a greater 
contribution to central station practice could be made 
by sharing information at this time than by waiting 
until the station begins operation. 


Site Location and Cycle Selection 


Extensive studies were carried out to establish the 
location of the 1958 addition, its optimum size, and the 
most economically desirable steam conditions. Site 
location involved a choice between a recently pur- 
chased location on the Ohio River and several sites in 
various stages of development within the Company 
service area. Strong consideration was given to the 
advice of the U. S. Defense Department to locate the 
unit outside of the Cleveland metropolitan area as a 
part of the policy of plant dispersal. By choosing to 
extend the Avon Plant, located twenty miles west of 
downtown Cleveland, it was possible to obtain a Certifi- 
cate of Necessity for a five-year amortization on 65 
per cent of the plant investment. Careful analysis 
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Fig. 1—Plot plan of Avon addition 
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Fig. 2—Simplified heat balance diagram 


of the cost factors involved indicated that the saving 
in coal delivery charges for the river site were not as yet 
sufficient to overcome the added fixed and operating 
charges associated with a high-voltage transmission line 
from the Ohio River to the Company service area. 
On the other hand, the Avon site did not involve com- 
parable transmission line costs, and it was found that 
the use of money made available by the deferral of 
taxes through rapid writeoff overcame all other economic 
factors and justified the selection of the existing station 
site on Lake Erie as the preferred location. 

Selection of unit capacity size involved a study made 
in conjunction with the Operations Research Staff of 
Case Institute of Technology. An analysis of system 
reserve requirement, both with respect to maintenance 
and reliability, was carried out. This phase of the 
study resulted in the sizing of the unit at 250,000-kw 
and confirmed the in-service date of late 1958. The 
Company established a forced-outage probability re- 
quirement of ‘‘no more than one deficiency in generating 
capacity in five years.” 

A number of heat cycles ranging in throttle pressure 
from 2400 to 5000 psig and in temperature from 1050 
to 1200 F were selected for consideration. Preliminary 
calculations narrowed the range to 3000-3500 psig 
and 1050-1100 F, with single reheat to 1050 F. Because 
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Fig. 3—Plant cross section 


of anticipated design and operating problems with steam 
at pressures just below the 3202 psia critical pressure, 
it was decided to move through this range to 3500 psig. 
Furthermore, the Company’s policy is to select steam 
conditions one step in advance of the most economical 
unit in order to contribute to the advancement of the 
art. In dealing with one turbine manufacturer, it was 
found that ferritic materials could be used to withstand 
1100 F main steam temperature. For these reasons, 
throttle steam conditions of 3500 psig, 1100 F were 
selected with reheat to 1050 F. 

Space limitations, together with electrical cost factors, 
dictated the selection of a tandem-compound unit. 
These considerations were influenced by the location 
of the new unit in an existing plant. The new ex- 
tension to the Avon site will be as shown on the plot 
plan in Fig. 1. 

The layout of the Avon extension is of the fully en- 
closed “‘ranch-type’’ with the turbine-generator shaft 
oriented parallel with the front face of the steam gen- 
erating unit as shown in Fig. 3. This is the best ar- 
rangement, since the physical dimension of the tandem- 
compound turbine-generator along the centerline of the 
shaft will be 108 ft. Walls for the station extension will 
be constructed of insulated stainless steel panels with 
brick pilasters. 

There will be a centralized control room for all boiler 
and turbine controls. This air-conditioned control 
room will be designed to accommodate two units and 
will be located directly between the turbines and boilers 
on the turbine operation floor level. Main electrical 
controls will be located in an existing control room in- 
stalled at the time of the constructien of the original 
section of the station. 

Fig. 2 shows a simplified heat balance diagram for this 
unit. The estimated net plant heat rate at rated load 
and back pressure is 8620 Btu per kwhr with two steam- 
turbine-driven boiler feed pumps in service. With one 
turbine-driven and one motor-driven feed pump in 
service, the plant net heat rate will be reduced to 8605 
Btu per kwhr. 
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Fig. 4—Boiler cross section 


Steam Generator 


Steam will be supplied to the 250,000-kw super- 
critical pressure turbine by a C-E Sulzer monotube 
steam generator as shown in Fig. 4. It will be a pul- 
verized-coal-fired unit of the dual-furnace design as 
manufactured by Combustion Engineering, Inc., and 
corner firing using tilting tangential burners will be em- 
ployed to burn low-ash-fusion-temperature coal. The 
unit will be designed to deliver 1,715,000 Ib of steam per 
hr to the turbine throttle at 3500 psig and 1100 F with 
single reheat to 1050 F. The boiler has no drum and is of 
the forced-circulation once-through type. In many re- 
spects it is similar to Sulzer monotube units ir operation 
in European power plants. The main boiler feed pump 
furnishes sufficient head to force the boiler water 
through the continuous-tube circuits of the various sec- 
tions of the boiler as well as the feedwater and main 
steam lines. 

The feedwater, after leaving the two parallel lines of 
feedwater heaters, is divided into a total of four cir- 
cuits. Two feedwater circuits supply an economizer 
for each furnace. The feedwater flow to the econo- 
mizers is controlled in each circuit by individual feed- 
water control valves. The feedwater then flows to the 
water walls which occupy approximately the bottom 
half of the wall surface in each furnace. No conven- 
tional downcomers outside of the boiler are required to 
supply the water wall section. The boiler water makes 
a number of up-and-down passes in the furnace water wall 
section before entering the horizontal tube transition 
zone which is located in a relatively cool convection 
region. The transition zone is where water is con- 
verted into steam. As will be discussed later, very 
careful control of feedwater quality is maintained to 
prevent the deposition of solids in the transition zone or 
superheater. 

Each of the two steam circuits per furnace, on leaving 
the transition zone, is subdivided into two parallel 
circuits through a series of radiant, platen, and finishing 
superheaters. These eight steam circuits include ap- 
propriate stop and bypass valves, which are used during 
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startup and abnormal operating periods. To maintain 
uniform steam temperature distribution to the turbine, 
the leads from the stop and bypass valves are con- 
nected into a mixing header. 

In developing a logical and balanced design, it was 
necessary to obtain variations from some of the arbi- 
trary rules in today’s Boiler Codes. This is due to the 
fact that the Codes as written did not have this type of 
boiler in mind. All the variations have not been 
thoroughly developed and approved by the Industrial 
Commission of Ohio. However, as an example, the 
safety valve capacity cannot be located on the drum as 
there is no drum. Therefore, it is intended that all 
safety valve capacity will be located at the superheater 
outlet and the safety valves will be set above the operat- 
ing pressure, so that they will not affect operation unless 
the automatic control and bypass valves do not function. 
Thus, safety valves are even more in the category of 
occasional departures than is the normal case on utility 
boilers. 


Turbine-Generator 


The Westinghouse turbine-generator, a cross section of 
which is shown in Fig. 5, is designed for a maximum 
throttle flow of 1,715,000 lb of steam per hr at a pressure 
of 3500 psig and temperature of 1100 F with reheat to 
1050 F. With two turbine-driven boiler feed pumps in 
service, the maximum capability of the main turbine is 
250,000 kw. The 3600-rpm innercooled generator has a 
rating of 273,460 kva at 22 kv, 0.85 power factor, 0.64 
short-circuit ratio and 45-psig hydrogen pressure. Pro- 
vision is made to operate the generator at 60 psig. A 
1200-kw exciter driven by a 1750-rpm induction motor 
operating at 375 volts supplies excitation current. 

The tandem-compound, triple-flow turbine receives 
supercritical pressure steam which at full load is expanded 
to 2000 psia in the steam-cooled ‘‘super pressure’’ sec- 
tion. The steam then passes to the “very high pres- 
sure’’ section where its pressure is reduced to 750 psia. 
Reheated steam returns to the ‘‘high pressure’’ turbine 
at 1050 F where it expands to 240 psia. After passing 
through the “intermediate pressure’ turbine, the steam 
enters the triple-flow ‘‘low pressure’ sections at 45 psia. 
The design condenser pressure is 1.0 in. Hg. 

The entire control and protective system on this tur- 
bine is hydraulically operated. The main steam controls 
include servomotors for moving the governor valves 
which determine the flow to the turbine, the speed-re- 
sponsive governor, and the speed changer which adjusts 
the speed range in which the governor will control the 
servomotors. The interceptor valves are closed during 
startup and up to a steam flow of 30 per cent of maximum. 
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Fig. 5—Turbine cross section 





The protective system includes the main steam throt- 
tle valves, the reheat stop valves, the overspeed trip 
valve and its connected devices for tripping the main 
steam throttle, the governor, interceptor, and reheat 
stop valves whenever the turbine reaches a predeter- 
mined overspeed. A load-limit device is also provided 
to limit the maximurm opening of the governing valves to 
any chosen amount. In addition, the turbine is pro- 
tected against low vacuum and low oil pressure. The 
throttle and reheat stop valves have only two positions: 
closed or fully open. 

The governing valves function in parallel to allow 
full peripheral admission of steam to the first stage of 
the turbine. Asa result, therefore, the throttling loss at 
partial loads will be greater than for machines where the 
governing valves open sequentially. 

Although the final complement of supervisory instru- 
ments has not yet been decided upon, it is likely that 
several new ones will be added to those normally utilized 
on subcritical machines. In accordance with current 
practice on the system, provision is being made for re- 
mote control of the turbine-generator. 

By maintaining the same turbine-room width for the 
station extension, it will be possible to use the existing 
125-ton crane in the new section. An additional 175- 
ton crane will be installed with the new turbine. Current 
plans are to have the generator shipped as a completed 
unit weighing approximately 625,000 Ib. Both the ex- 
isting and the new crane will be used to transfer it to the 
turbine-generator supporting foundation. 


Bowler Feed Pumps 


There will be three six-stage main boiler feed pumps 


each capable of delivering 2285 gpm (1,026,000 Ib per hr) 


at a total head of 11,580 ft. Two of the pumps will be 
driven by steam turbines and the third by two 4000-hp 
motors in tandem. 

The two boiler-feed-pump-drive turbines will receive 
steam from the ‘“‘cold reheat’ line and will deliver ex- 
haust steam to the lowest stage extraction line. Part or 
all of the steam will flow to the lowest stage extraction 
heater to supply its requirement. The balance, if any, 
will return to the turbine in a reverse direction from the 
conventional extraction flow, and continue through to the 
main condenser. 

The maximum speed of the boiler feed pumps and their 
drive turbines, as well as the output speed of the speed- 
increase gear, will be 7575 rpm. This corresponds to a 
maximum power output of 7650 hp. The speed of the 
turbines will be controlled through a conventional flyball 
governor with speed changer. Impulses will be received 
by the governor through a hydraulic system from the 
feedwater regulating valve. The output of the two mo- 
tors in tandem will be delivered to the pump through a 
hydraulic coupling speed-increase gear. 

It is tentatively planned to control the speed of the 
motor-driven pump from a governing device mounted on 
the speed-increase gear. The output signal from a hy- 
draulic system will position the speed regulating tube of 
the hydraulic coupling which will, in turn, match the out- 
put speed of the electrically driven pump and that of 
either or both of the turbine-driven pumps. 

These pumps are equipped with labyrinth breakdown 
bushings in place of the conventional shaft packing. This 
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labyrinth breakdown arrangement is based upon cold 
water injection from the discharge of the condensate 
pump. A small portion of the injection water flows in- 
wardly into the pump proper. The remainder flows out- 
wardly to a collection chamber from which it is piped to 
the condenser hotwell. The labyrinth breakdown bush- 
ing itself is adjustable, so that concentricity between the 
shaft sleeve and the breakdown bushing is assured. 

A common base plate will be installed under the boiler 
feed pump and all equipment in the drive train. 

The purpose of the dual motor drive is to limit the 
starting current so that standard 4000-volt switchgear 
can be used. In starting, power is applied to one motor 
until full speed is reached. 


Choice of Pump Arrangement 


In establishing the boiler feed pump arrangement, it 
was first decided that such pumping would be accom- 
plished in one stage rather than two. With a maximum 
feed pump discharge pressure of 4730 psig, it was found 
that the savings in pump power in handling relatively 
cool water (339 F) exceeded the savings which would 
have resulted from designing the high-pressure feedwater 
heaters for a lower pressure. The use of such lower 
pressures for heater design would have been permitted 
by the addition of a second stage of feedwater pumping. 
This would have supplied something in the order of 50 
per cent of the pumping requirement after the feedwater 
had left the highest pressure feedwater heater. The 
added cost of two sets of pumps, as compared with one, 
was another factor pointing toward a single stage of 
pumping. As a result, all feedwater pumping will be 
accomplished in one stage ahead of the high-pressure 
heaters in the conventional manner. To assure ade- 
quate NPSH to the boiler feed pumps at all times, low 
power booster pumps are arranged to receive feedwater 
from the deaerator and deliver it to the main boiler feed 
pumps. 

The equipment and controls are being designed so that 
any two or three of the pumps can operate in parallel 
satisfactorily. Present expectations are that the two 
turbine-driven pumps will be capable of operating in 
parallel down to 30 per cent of full load. 


Feedwater Heaters 


The four high-pressure feedwater heaters will be de- 
signed for a water-side pressure of 4730 psig. Since these 
four heaters are located on the discharge side of the boiler 
feed pumps, it has been necessary to establish their oper- 
ating pressure to meet the pump discharge pressure re- 
quired to deliver 3500 psig steam to the turbine throttle. 
The three low-pressure condensate heaters will be de- 
signed for 300 psig, the maximum discharge pressure 
of the condensate pumps. The deaerating feedwater 
heater will be designed for 125 psig. In addition to the 
feedwater heaters, a hydrogen cooler, condensate cooler, 
and gland steam cooler will be located in the condensate 
cycle. A steam regulator will control the flow of steam 
to the gland cooler. A diagram of the condensate and 
boiler feedwater cycle is shown in Fig. 6. 

After study of the cost factors involved, it was decided 
to employ two heaters in parallel for each of the high- 
pressure feedwater extraction stages. Cost factors con- 
sidered in this study included: cost of the heat ex- 
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Fig. 6—Condensate and boiler feedwater cycle 


changer, piping cost, valve cost, and space evaluation for 
each of the arrangements. With two strings of heaters, 
it was deemed unnecessary to design piping for bypassing 
an individual heater. Asa result, a difference in valving 
costs assumed significant proportions. Should any high- 
pressure heater require maintenance, that entire string 
of heaters will be taken out of service. It is hoped that 
it will be possible to carry almost full load under this 
condition. 

The high-pressure heaters are of the U-bend type with 
integral desuperheaters and drain coolers. Each of the 
drain coolers will be designed for a 10 deg F approach to 
the temperature of feedwater entering the heater. Tubes 
will be of 15 BWG minimum wall Monel, welded to the 
tube sheet. 

The low-pressure heaters are the conventional U-tube 
design including integral desuperheaters and drain cool- 
ers. The second lowest pressure heater will be located 
in the condenser neck. All units are designed with in- 
tegral tube sheets and channels with separate removable 
channel covers. As in the case of the high-pressure 
heaters, all low-pressure heaters are equipped with 10 deg 
F approach drain coolers. Tubes in the low-pressure 
heaters will be of 18 BWG admiralty metal. 

Original plans had called for the drains of the lowest 
pressure heater to be pumped into the condensate stream 
between the first and second lowest pressure heaters in 
order to obtain the best possible heat rate. After consid- 
eration of water-conditioning problems, however, it was 
decided to send these drains directly to the condenser. 
The possibility of significant copper and iron pickup by 
the extraction drains in cascading through the low-pres- 
sure heaters made it desirable to demineralize low-pres- 
sure drains as soon as possible. 

The deaerating feedwater heater consists of two verti- 
cal steel sections equipped with spring-loaded spray 
valves and deaerating element. These deaerating heater 
sections, with internal direct-contact vent condensers 
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are mounted on, and supported by, a horizontal cylin- 
drical steel storage tank of 6200 cu ft capacity. 


Water Quality Control 


The once-through supercritical pressure boiler design 
imposes stringent limitations on total solids in the boiler 
feedwater. Solids formerly blown from the boiler drum 
can lead to deposit formation in the unit if not removed 
by other means. Solids in the steam may deposit on the 
turbine blades. 

In the latest 2400-psig controlled-circulation boiler at 
Eastlake Station, the feedwater pH is maintained at 9.0 
to 9.2 by adding morpholine or ammonia. Feedwater 
conductivity (undegassed) of 1.0 to 1.5 micromhos is 
satisfactory. In the supercritical pressure cycle, the 
feedwater will have the following limitations: 


pH 9.0-9.5. .. 
Total solids. . 


.by adding ammonia or hydrazine 
.50 ppb maximum at condensate pump 
discharge 
10 ppb maximum 
.10 ppb maximum 
.20 ppb maximum 
7 ppb maximum 


Total iron 
Total copper. 
Silica...... 
Oxygen... 


A condensate bypass filtration and demineralization 
system will be used to maintain the solids within the re- 
quired limits. The bypass filtration and demineraliza- 
tion system serves three major purposes: (1) protect 
feedwater cycle from condenser tube-sheet weepage 
(leakage between tube and tube sheet) and condenser 
tube rupture leakage, (2) “‘polish’’ makeup water from a 
two-bed demineralizer system, and (3) remove corro- 
sion products from the cycle. 

Two secondary purposes of the bypass filtration and 
demineralization system are (1) “‘polish’’ miscellaneous 
drains before returning to th. cycle, and (2) cleanup of 
the cycle on original startup and following outages. 
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Condenser Leakage Contamination 


Tube sheet weepage is a controversial subject. On 
Lake Erie water excellent results and long life expectancy 
have been achieved with red brass and admiralty tubes 
rolled into muntz metal tube sheets. On the latest 
1800-2400-psig units tube tightness proved completely 
satisfactory, and it was believed that there was zero 
leakage. However, recent highly sensitive tests have 
proved that weepage does exist. The solids introduced 
into the water by this condition were found to be more 
than the maximum allowable for the supercritical pres- 
sure cycle. 

A double tube sheet design with pressurized condensate 
between the two tube sheets was first considered. How- 
ever, it was decided for practical reasons to use standard 
rolled tube sheets sprayed with neoprene to promote 
tightness. The condenser and hotwell designs will per- 
mit demineralization of 95 to 100 per cent of all tube sheet 
weepage. 

The condenser, rectangular hotwell, and water boxes 
will be divided on the centerline parallel to the tubes as 
shown in Fig. 7. In addition to loose fitting tube sup- 
port plates, the hotwell will have divisions transverse 
with the tubes. These will be located directly below a 
tube support plate and about 18 in. below a tube support 
plate. The transverse divisions have been provided in 
order that 95 to 100 per cent of any tube weepage will be 
caught in the four end sections of the hotwell. Normally 
all water in the four end sections will be sent to the bypass 
filtration and demineralization system. The effluent 
from the bypass demineralization system will be sent to 
the center section of the condenser for redeaeration by the 
condenser before the water is returned to the cycle. The 
full load design flow for the bypass system is 625,000 Ib 
per hr or 50 per cent of condenser flow, including low- 
pressure heater drains. 

The bypass filtration and demineralization system has 
been designed for 100 per cent condenser flow during 
emergency operation. Tube rupture will be detected at 
the hotwell pump by precise conductivity measurements. 
When abnormally high conductivity is detected, all con- 
densate will be sent through the bypass filtration and 
demineralization system. By designing the bypass sys- 
tem for 100 per cent condenser flow, the unit can hold 
full load for 24 hours or longer with no danger of cycle 
contamination. By comparison to other supercritical 
pressure plants, the amount of stored high-purity water 
(358,000 Ib) is relatively small. 

Longitudinal divisions of the condenser and hotwell 
have been provided to determine on which side a con- 
denser tube has ruptured. In this case also, conductiv- 
ity measurements on each of six outlet nozzles of the 
hotwell will indicate the location of tube rupture. The 
circulating pump on the side in which failure occurs can 
be turned off, permitting the water box to be drained. 
With one side of the condenser out of service the turbine 
load will be reduced to approximately 70 per cent. At 
the same time the water box can be drained and the end 
of the ruptured tube plugged, after which the unit may 
be operated at full load. 


Makeup Water 


Raw water makeup to the cycle will be processsed 
through a two-bed demineralizer equipped with a vac- 
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Fig. 7—Condenser arrangement 


uum degasifier. This makeup is polished in the mixed- 
bed demineralizers which are a part of the condensate by- 
pass system. 

All other sources of condensate makeup at the sta- 
tion can be utilized by processing through the mixed-bed 
bypass demineralizer. These include evaporated makeup 
from the adjacent boilers and stored condensate. 


Prevention and Removal of Corrosion Products 


The cycle has no special materials, such as stainless 
steel or rubber-lined pipe, to prevent corrosion. Control 
of pH by the addition of ammonia or hydrazine at the 
hotwell condensate pump and deaeration of the conden- 
sate will be relied upon to protect the metals in the pre- 
boiler cycle. The system is equipped with a standard 
condenser with deaeration guaranteed to 0.03 cc. of oxy- 
gen per liter (43 ppb) and a deaerating heater with de- 
aeration guaranteed to 0.005 cc of oxygen per liter (7 
ppb). The high-pressure heater drains are returned to 
the deaerating heater. The low-pressure heater drains 
will be returned to the end sections of the hotwell for 
bypass polishing. 

The filters ahead of the bypass polish demineralizers 
will be relied upon to remove the corrosion products 
in the condensate. The nature of the filter material has 
not been established but work is in progress to determine 
experimentally the most desirable filter material. Post- 
demineralizer filters will be used to remove traces of 
resin and elutriated materials from the ion-exchange 
beds. 


Power Piping 


The main steam piping for this unit, shown diagram- 
matically in Fig. 8, presented problems not previously 
encountered on conventional subcritical pressure units. 
Eight main steam leads of 6°/s in. O.D. X 4 in. L.D., 
(ASTM Specification A-312, Grade TP316, austenitic 
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Fig. 8—Diagram of main steam piping 








material) were established from the superheater outlets 
to the boiler stop valves. Each of these leads is approxi- 
mately 300 ft long. 

On the turbine side of the boiler stop valves, a transi- 
tion section of austenitic to ferritic material will be used. 
There will be no change in wall thickness at the weld at 
this point. The ferritic material (2'/, Cr. 1 Mo.) ASTM 
Spec. A335, Grade P22 or 2'/, Cr-1 Mo-!/, Va will be 
used from the transition section through a ferritic mixing 
header (approximately 23 in. O.D. X 10 in. I.D.) and 
then four ferritic leads (11'/.in. O.D. & 5in. I.D.) to the 
four turbine stop valves. 

Due to the operating conditions of 1100 F at the tur- 
bine throttle, it was possible to have a metallurgical 
choice between ferritic or austenitic alloys. Tests were 
performed on Types 316 and 347 in coarse and fine grain 
specimens by heating a 20 in. length of small diameter 
heavy-wall pipe to 1440 F, clamping, and then cooling to 
1200 F to obtain plastic strain. The conclusions of 
these tests indicated that the hot ductility of fine grain 
Type 316 is much better than coarse grain materials. 
These facts led to the decision to specify relatively thin 
wall fine grain austenitic pipe for the eight main steam 
boiler leads. It is proposed that the required pipe will 
be manufactured by the extrusion method of a fine grain 
material with the same manufacturing tolerances as 
“‘seamless’’ for which the wall-thickness variation is plus 
or minus 12'/) per cent. The normal 0.065-in. corro- 
sion allowance was included in the pipe wall calculations. 
The lengths available from the extrusion press in the 4 
in. I.D. size up to 1'/»-in. wall are approximately 30 ft. 

By procuring long lengths the welded joints will be kept 
toa minimum. Root pass welds in the main steam line 
will be made using the inert-gas tungsten-arc metliod 
combined with the use of consumable backing rings. This 
procedure utilizes a shielded-are to draw an inert gas- 
backed ring into the joint to form a first-pass bead com- 
pletely fused with the parent metal and without any crev- 
ices. The welds are to be made without preheating. All 
the welds will be ground flush and inspected by radiog- 
raphy and fluid-penetrant methods. 
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Design pressures and stress allowances were determined 
for the main steam piping from the superheater outlets 
to the boiler stop valves (under jurisdiction of the Boiler 
Code) by taking the turbine throttle pressure of 3500 
psig, 1100 F and adding a design allowance of 5 per cent 
plus the calculated pressure drop in the piping, valves, 
and mixing header back to the superheater outlet head- 
ers from the turbine stop valves. 

The resulting superheater outlet header design pres- 
sure was approximately 3950 psig at 1110 F, and all pipe 
wall calculations for the austenitic materials were deter- 
mined on this basis. The stress allowance of Grade 
TP316 was interpolated for 1110 F temperature. 

The low velocity of 9100 ft per min through the main 
steam leads became necessary to minimize an already 
large pressure drop in the piping and valves of approxi- 
mately 275 psig. From the boiler stop valves through 
the mixing header to the turbine stop valves, the ferritic 
main steam leads were designed under the ASA B.31.1 
Piping Code, and varying design pressures with 1100 F 
temperature were used. 

The boiler feedwater piping was designed by utilizing 
the higher allowable stress present in the new ASTM 
Spec. A-106, Grade “C.”” Due to reluctance of domestic 
mills to roll Grade “‘C’’ carbon steel pipe, the order was 
placed in Germany. 


Boiler Control Systems 


The once-through boiler has five control systems: 


(1) Feedwater regulation 

(2) Main steam temperature 

(3) Turbine bypass system 

(4) Combustion control 

(5) Reheat temperatures 

In terms of conventional American boiler practice, the 
turbine bypass control system is the most unusual feature 
necessitated by the once-through design. The feedwater 
regulation is based on temperature rather than on drum 
level. 

Hydraulically operated controls will be employed for 
the feedwater, main steam temperature, and turbine by- 
pass system as shown diagrammatically in Fig. 9. These 
will be similar to those with which a great deal of experi- 
ence has been had in subcritical once-through boilers in 
Europe. 

Combustion control to adjust fuel and air supply in 
accordance to load will be of electro-pneumatic design. 
Many new features, such as matching firing rate to gen- 
erator load and air flow corrected by oxygen content of 
flue gas, are being contemplated. 

Reheat steam temperature control will be of electrical 
design. Since reheater surfaces exist in each of the two 
furnaces, the temperature control will have two stages. 
Burner tilt temperature control will be employed in each 
furnace. The final reheat temperature will employ 
sprays for desuperheating as backup protection. 

A brief description of the boiler heating surfaces is nec- 
essary to understand the basic controls. The boiler has 
four separate circuits, each consisting of an economizer, 
water walls, transition section, radiant superheater, 
platen superheater, and finishing superheater. The indi- 
vidual parallel circuits extend from the pressure-differ- 
ence regulating valves to the mixing header just before 
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Fig. 9—Boiler control and turbine bypass cycle 


the turbine throttle. Each circuit has independently 
controlled valves to regulate feedwater flow, boiler ex- 
traction, spray water for steam temperature control, and 
flow to turbine or flow around turbine to the reheater. 

Feedwater flow in each of the circuits is controlled by 
the steam flow nozzle and the temperature leaving the 
transition zone. The steam flow nozzle is used as an an- 
ticipation device and the final control is provided by tem- 
perature. Maintaining the proper temperature at the 
outlet of the transition zone matches feedwater flow to 
firing rate. 

The pressure-difference regulating valve is used to 
maintain an approximate 30 psi drop across the feedwa- 
ter regulating valve. The use of the pressure-difference 
valve compensates for variation in feed pump pressure 
and boiler pressure so that the feedwater flow depends ex- 
clusively on the position of the feedwater valve. 

The speed of the feed pumps is regulated by the posi- 
tion of pressure-difference valves. If the flows are 
slightly unbalanced in the four circuits, one of the pres- 
sure-difference valves will be opened slightly more than 
the others. The pump speed will correspond to pres- 
sure-difference valve open the widest. In this manner 
the pumps will be running fast enough to maintain proper 
flow in each of the four circuits. 

The main steam temperature in each circuit is regu- 
lated in two stages by means of spray type desuperheat- 
ers located at the inlet of the radiant superheater and at 
the inlet of the platen superheater. Each of the two 
steam temperature controls functions essentially alike. 

The spray at the inlet of the radiant superheater is 
controlled by the temperature leaving the radiant super- 
heater with anticipating impulse from the temperature 
leaving the transition zone. 


54 


The spray at the inlet of the platen superheater is 
controlled by the temperature leaving the finishing su- 
perheater with anticipating impulse from the tempera- 
ture leaving the platen superheater. 

The spray water for each circuit is taken from the line 
between the feedwater valve and the pressure-difference 
valve. The flow of spray water varies with the flow of 
feedwater prior to adjustment by the two-element tem- 
perature control. 

Provision has been made for extracting water from the 
system at the cutlet of the transition section, the purpose 
being to reduce the flow through the superheater during 
unusual operating conditions. The three primary func- 
tions of the boiler extraction system, which is controlled 
by the same two-element temperature control as the 
spray valve at the inlet of the radiant superheater, will be 
to operate during loss of fire, under conditions of ex- 
tremely low load, or during a hot restart. The use of this 
extraction system will limit sudden temperature reduc- 
tion in the high-temperature superheater and piping on 
loss of fire, or make it possible to maintain proper tem- 
perature suitable for the turbine during hot restart. 

The boiler extraction valves, which are located in each 
circuit after the transition zone, discharge to the con- 
denser and will be locked closed on a cold start. Inter- 
locks prevent the valves from opening if the condenser 
cannot condense the steam without excessive tempera- 
tures. 

The turbine bypass system is required for cold starts, 
hot restarts, turbine trips, and abnormal operating con- 
ditions. Flow of steam or water bypasses the turbine 
through the superpressure bypass valve in each circuit as 
shown in Fig. 9. The superpressure bypass valves dis- 
charge into a separator. The water from the separator 
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Fig. 10—High-temperature water heating systern 


is discharged into the condenser. The steam from the 
separator discharges into the cold reheat lines. The steam 
travels through the reheater out the low-pressure bypass 
valves on the hot reheat lines. The steam from the low- 
pressure bypass valves discharges into the injection 
cooler on the neck of the condenser. The steam at the 
superpressure bypass valve outlet is sprayed to keep the 
temperature equal to cold reheat temperature. The steam 
in the injection cooler is sprayed to limit the turbine ex- 
haust hood temperature. 

The primary function of the boiler stop valves in each 
circuit is to prevent water from entering the turbine. On 
cold startup, water is pumped through the entire boiler 
to the condenser through the separator. Only when 
proper steam conditions are established will steam be 
admitted to the turbine. 

The combination of the superpressure bypass valves 
and boiler stop valves also prevents steam from entering 
turbine at temperatures excessively above or below those 
allowable at any given time. The bypass valve also acts 
as a relief valve which will open at 105 per cent pressure. 


High-Temperature Water Heating System 


The conventional low-pressure saturated steam for 
coil and general building heating could not economi- 
cally be used because of the absence of saturated steam 
from a boiler drum and the desirability of minimizing 
makeup of high-purity feedwater required for the boilers. 
Therefore, a high-temperature, closed-cycle forced-circu- 
lating hot water system was selected as shown diagram- 
matically in Fig. 10. It permits greater flexibility in 
pipe runs, smaller size of pipe, and the elimination of 
trap maintenance. 

To obtain high-temperature water, superheated steam 
will be extracted from the cycle at the 45 psia stage and 
passed to an ordinary feedwater heater-type heat ex- 
changer equipped with a drain cooler. The condensate 
will then flash to the No. 2 low-pressure heater. In the 
high-temperature water circuit, a pump will continuously 
circulate water at approximately a constant flow rate 
through the heat exchanger and on through the air heat- 
ing coils and unit heaters. In general, control will be 
provided by a thermostatically-controlled bypass valve 
to bypass water around the heat exchanger. A spare 
pump will be provided. 
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For starting up Unit No. 8 and for heating the build- 
ing loads 30 per cent or lower or shut-down periods, 
steam will be provided via a pressure-reducing station 
from the boiler drums of Units 6 or 7. 


Combustion Air Preheating 


The current practice of reducing building cubage to a 
minimum and the constant effort to increase plant ef- 
ficiencies requires a carefully engineered method of intro- 
ducing combustion air into the building. 

The combustion air will be drawn through wall louvers 
and heating coils at a low elevation in the precipitator 
bay. The air rises to the top of the boiler house absorb- 
ing approximately 75 per cent of the boiler and equip- 
ment radiation losses which amount to approximately 
1.5 per cent of the boiler input. From the top of the 
boiler house, the air will be drawn down through large air 
shafts which are connected by ducts to the forced draft 
fans. 

A portion of the combustion air will be drawn through 
a 30-ft deep air well, through heating coils by a large 
centrifugal fan and discharged into the turbine room base- 
ment near the feedwater heaters. 

The balance of the building heating will be supplied by 
thermostatically controlled unit heaters. 

Auxiliary heating coils will be installed in the air inlet 
side of the air heaters to maintain proper air inlet tem- 
perature during startup and during low load. 


Air Conditioning and Ventilation 


The boiler control room, the relay room, the electrical 
control room and the laboratory will be air conditioned. 
Fresh air will be taken from outside the plant and a posi- 
tive pressure will be maintained in the control rooms to 
permit occupancy in case of fire in the plant. 

Roof ventilators, gravity type, will be installed on 
both the turbine house and boiler house. The turbine 
house ventilators will be motor operated and manually 
controlled. The boiler house ventilators will be opened 
automatically whenever the air shaft temperatures ex- 
ceed 135 F. Both sets of ventilators will have fusible 
links with weighted dampers set to open in case of fire 
permitting positive escape of high-temperature gases and 
smoke and preventing failure of the roof structure. 
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Stack 


One of the problems in the existing plant has been air 
pollution. In order to determine how this addition 
could be constructed to be a minimum nuisance, it was 
decided to test a model of the existing plant, together 
with one of the proposed new addition, in the New York 
University wind tunnel. After trying various locations 
for the new stack and various stack heights, it was finally 
determined that the best location would be directly back 
of the boiler house with a height of 400 ft above grade. 

Several studies were made to determine of what mate- 
rials the stack should be constructed. In the past, ex- 
tensive use had been made of steel stacks with brick lin- 
ings. However, when it was decided to go above 300 ft, 
it was found that reinforced concrete stacks with brick 
linings were more economical. 

The substructure for the stack is a 42-ft octagonal con- 
crete pad of maximum depth of six ft. The stack tap- 
ers from 28 ft O.D. in the base, to 18 ft, 6 in. O.D. at the 
400-ft level. Thickness of concrete varies from | ft, 9 
in. at the base to six inches at the top. The stack will be 
lined with four inches of dense brick and will have one- 
inch Fiberglas insulation to separate the brick from con- 
crete. 

Job Status 


Engineering work on the supercritical pressure addi- 
tion to Avon Station began in August, 1955. As was 
mentioned earlier, the entire design has not been com- 
pletely established at the time of the writing of this pa- 
per. Some studies are still being made, and therefore it is 
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entirely possible that changes may be made in some of the 
design information that has been presented. Through- 
out the paper emphasis has been placed on departures 
from design occasioned by the use of supercritical pres- 
sure in a large central-station single boiler-turbine-gen- 
erator unit. 

Construction work has already begun, and some of the 
footings are in place. Present plans are to have the unit 
in operation late in 1958. 


Conclusions 


This plant should contribute considerably to the ad- 
vancement of the art of power generation. It is a third 
approach to the use of supercritical pressure in large 
central stations. Many of the features described in the 
paper have not heretofore been incorporated in any other 
project. Although it does not have the best projected 
heat rate, it appears at present to be the most logical se- 
lection of steam conditions in the supercritical pressure 
range. This is evidenced by the fact that others are now 
contemplating units operating in the 3500-psig range. 


Acknowledgments 


The author’s thanks are due to his colleagues in the 
Civil and Mechanical Engineering Division, principally 
Messrs. H. L. Colgin, R. L. Dombey, N. F. Gill, R. W. 
Ott, S. B. Rock, R. B. Shumaker, C. D. Trump, and 
G. H. Walker, who contributed information for the final 
manuscript, and to the several manufacturers who co- 
operated in the preparation of the paper. 


ASTM Announces Review Committee 
for Water Testing 


Nine organizations, according to the American Society 
of Testing Materials in a news release dated June 15, 
became charter members of a new Joint Committee on 
Uniformity of Methods of Water Examination at a meet- 
ing in Biloxi, Miss., on January 26, 1956. Since that 
date, another has joined the group. The recommenda- 
tions of this committee will be advisory only and will not 
supplant or impede the work and publication policies of 
any participating interest. 

The purpose of the committee is to secure uniformity 
of content of these methods by providing a mechanism for 
exchanging information among member organizations; 
securing uniformity of terminology; and reviewing 
methods with respect to objectives, sampling, apparatus 
and reagents, procedure, reporting of results, and appli- 
cation. The methods reviewed will include those cover- 
ing natural water, potable water, industrial water, indus- 
trial waste water, and sewage. 

Charter members include the Committee on Disposal 
of Refinery Wastes of the American Petroleum Institute, 
American Public Health Association, American Society 
of Mechanical Engineers, American Society for Testing 
Materials, Association of Official Agricultural Chemists, 
Federation of Sewage and Industrial Waste Associations, 
Manufacturing Chemists Association, Technical Asso- 
ciation of the Pulp and Paper Industry, and the United 
States Public Health Service. The Geological Survey 
(U. S. Dept. of the Interior) was elected to member- 
ship on April 24, 1956. 
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Special Television Camera Featured at 
German Industry Fair 

Last year’s Radio and Television Exhibition 
Duesseldorf displayed an especially handy and small tele- 
vision camera for industrial television traffic control and 
scientific investigations. This camera produced by the 
Grundig Radio Works of Fiierth, Bavaria, employed for 
its size advantage a small tube, just developed, the 
““Mini-Resistron’’ which measured 3.5 in. long and 0.59 
in. in diameter. 

Later according to the VDI Nachrichten, May 26, 
1956, the Grundig Works were asked to develop a tele- 
vision camera which could be used to inspect the inside 
of boiler tubes and piping. For such service a flexible 
television camera had to be developed which could move 
within a tube like a ‘‘salamander.’’ The new miniature 
pictured on the cover is the result. With only about 5.9 
in. length and a diameter of 1.85 in. it proved to be a 
special attraction at this year’s German Industry Fair at 
Hannover. 

In its special form for tube inspection the camera is 
fitted with spring-loaded guide-casters at its side and with 
four lights at its front to illuminate the inside tube wall. 
In this form the camera can be used for inspection of 
tubes with a minimum inside diameter of 2.36in. It can 
even look ‘‘around corners’’ since it can be moved through 
bends with 13.8 in. radius. 

The ‘remote inspection”’ of the inside tube wall is done 
with the help of a small mirror mounted about 0.71 in. 
ahead of the fixed lens furnished by the firm Schneider, 
Bad Kreuznach. The tube wall is lighted by four lamps 
arranged around the lens. The optical image is trans- 
formed into electrical impulses and transmitted by cable 
to the receiver. The tube wall visible on the picture 
tube of the receiver can be enlarged 20 times which is 
required for the short focal distance of only 5 in. of the 
lens. The test engineer will learn to ‘“read’’ a tube wall 
picture as fast as doctors do when studying X-ray pic- 
tures. This application of a camera for industrial tele- 
vision is completely new and not even known in the U. S. 

In its standard form this smallest television camera in 
the world is also furnished without guide casters and 
lamps. It further features a so-called “rubber lens’’ in 
which focus, range adjustment and lens opening can be 
continuously varied by remote control. A tilting and 
turning head can also be operated by remote control. | 
Thereby the ‘‘tele-eye’’ considerably increases its field of | 
vision covering a horizontal angle of 320 degrees and a | 
vertical angle of 60 degrees. 


— 
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Above photo gives comparative size of '‘Tele-eye”’ 
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Still another installation of Lukens 20% Type 304 stainless-clad steel coal handling equipment .. . this time at Picatinny Arsenal, Dover, N. J. 


Clad Steel Chosen Again... 


COAL GLIDES SMOOTH AS 
SILK THROUGH ARSENAL’S 
NEW CHUTES AND HOPPERS! 


Just as so many others are doing, plant engineers of Pica- 
tinny Arsenal, U.S. Army Ordnance Corps, selected stainless- 
clad steel for their giant new coal handling chutes and hop- 
pers. Throughout the country, the switch is more and more to 
clad steel— because of these demonstrated advantages: 


@ Substantial economies from lower maintenance costs in 
chutes, hoppers, bunkers, pipes and spreaders. 

@ Freedom from hangups and the damaging and costly ef- 
fects of sulfuric acid corrosion from wet coal. 


@ Toughness proved by installations 10 years old which 
showed no measurable wear! 


@ Evidence of service life that matches the life of the boiler! 


PLUS: ready fabrication . . . permanence of bond between 
stainless steel cladding and strong, low-cost carbon steel 
backing .. . over-all quality that delivers lower maintenance 
costs, longer life, and trouble-free operation. 


Want Performance Facts . . . product information to help 
your engineers make the most of clad steel . . . the names 
of some of the nation’s best and most experienced coal 
handling equipment builders? Write Manager, Marketing 
Service, 845 Lukens Building, Lukens Steel Company, Coates- 
ville, Pennsylvania. 


STAINLESS-CLAD STEELS i 


FOR INTERIOR COAL HANDLING EQUIPMENT 


LUKENS STEEL COMPANY, COATESVILLE, PENNSYLVANIA 
Producers of the Widest Range of Types and Sizes of Clad Steel Available Anywhere 
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T THE 64th Annual Meeting of 

the American Society for Engi- 
neering Education held at Iowa State 
College in Ames on June 25-29, 
Maynard M. Boring, president of the 
Society and consultant on engineering 
manpower for the General Electric 
Co., set forth a five-point program to 
increase the nation’s resources of 
engineers and scientists through more 
effective education. The demands of 
industry clearly indicate that quality 
rather than quantity is needed. We in 
this nation have become hysterical 
concerning this manpower problem, 
according to Dr. Boring. Secondary 
education holds the key to increasing 
the numbers and competence of engi- 
neering graduates. The educational 
process in the engineering colleges is 
dependent on the maturity and the 
basic foundation of the product of our 
public schools. During this century, 
our public schools have been forced 
into an educational program that is 
geared to the average youngster. 
The teaching of mathematics and 
science has degenerated enormously. 
While technology has been imposing-a 
greatly expanded, broadened, and 
deepened engineering education, there 
has been a decrease in the amount of 
vital subject matter available in the 
public schools. The gap between the 
secondary schools and the colleges 
has been seriously widened. 

These are the steps which Dr. Bor- 
ing recommended: 

1. We must increase the efficiency 
of our educational program. Approxi- 
mately 50 per cent of the students 
qualified for professional work do not 
go beyond the high school. And we 
lose nearly 50 per cent of those who 
start professional work in college. 

2. Engineering should 
stiffen their entrance requirements, to 
assure that their entering students will 
be better prepared and can progress 
faster, and as a means of encouraging 
higher standards throughout second- 
ary education. 

3. High schools and colleges alike 
should greatly improve their guidance 
activities. Proper guidance and the 
stimulation needed to develop each 
youngster to the limit of his capabili- 
ties has been seriously neglected both 
in the public schools and in the early 
stages of the undergraduate collegiate 
days. Dr. Boring suggested that 
guidance be extended to the junior 
high school level; students having de- 
cided at this stage on their future pro- 


colleges 


COMBUST IO N—August 1956 


Educators Meet at Iowa 


State College 


fessions are still young enough to take 
the proper courses in high school to 
prepare them for their collegiate 
work. 

4. Financial resources for educa- 
tion must be improved. Funds must 
be provided for sufficient numbers of 
well-trained, dedicated teachers at a 
good economic level, proper equip- 
ment for demonstration and labora- 
tory use, and adequate modern build- 
ings. Since taxpayers are already 
burdened, industry will have to help. 

5. The professional recognition of 
teachers must be achieved early in 
their careers. The future of our tech- 
nology lies in the hands of young 
teachers, and we must find a procedure 
whereby they can reach their fullest 
development. This is the group who 
can break away from tradition, who 
have the most intimate contact with 
the students, and who undoubtedly 
have the most influence on the 
younger members of our profession. 

Science in Engineering Teaching 

Speaking specifically of adding 
modern physics to engineering studies, 
Dr. William L. Everitt, dean of the 
College of Engineering at the Univer- 
sity of Illinois, said that there is today 
no justification for any confidence 
that traditional ways of thought will 
long be adequate for professional use 
in engineering. Engineering edu- 
cators have been slow to face the pro- 
found revisions which the contribu- 
tions of modern physics require in our 
thinking about energy sources and 
power conversion, about materials and 
structures and their uses. Physics 
research has been responsible for such 
new engineering tools as electron 
microscopes, fluorescent tubes, and 
transistors and semi-conductors. If 
these did not shatter the complacency 
of engineers, Dean Everitt said, the 
dramatic applications of atomic and 
nuclear power provide absolute evi- 
dence that fresh areas of knowledge 
must be added to the standard equip- 
ment of all graduates in engineering. 
Even more important than the actual 
accomplishments to date is the cer- 
tainty that this demonstrated prog- 
ress will continue and will become in- 
creasingly important in the future. 

Engineers can no longer neglect 
their responsibility to meet such new 
engineering requirements as_ these. 
The intensity and rate of scientific 
progress in these fields demands that 
engineering education take swift ac- 


tion to add these areas of knowledge 
to their programs. One can predict 
confidently that industry must and 
will change at an ever-greater rate as 
an outgrowth of new scientific and 
engineering developments. Engineers 
and scientists who understand the 
complex fundamentals of science and 
engineering upon which new indus- 
trial developments are based will have 
of necessity a growing part in the top 
management of successful corporations. 

Engineering educators must accept 
this challenge: they must efficiently 
and economically absorb in present 
engineering curricula a great mass of 
new essential knowledge; this must 
be done in all courses and from all 
points of view. Specifically, engineer- 
ing teachers must constantly strive 
to integrate physics research findings 
into all engineering instruction. 


Dr. Richard B. Adler of the Massa- 
chusetts Institute of Technology em- 
phasized the growing rdle of science in 
all phases of modern life and pointed 
out that it must accordingly have a 
growing share of the educational ex- 
perience of any well-educated man. 
Indeed, because science and its ap- 
plications—engineering—are not com- 
pletely separable, some engineering, 
too, will automatically be a part of all 
science education. Undergraduate 
engineering education should be a very 
special case of this modern education: 
it should emphasize science heavily, 
not’ only because science is the back- 
bone of creative engineering but be- 
cause it has general educational value 
as well. Science in undergraduate 
engineering education should certainly 
include as much as possible of any 
and all branches of knowledge about 
natural phenomena which have 
reached the stage of very considerable 
quantitative organization, and should 
include the mathematics required to 
understand them. 

Including as much as possible of 
this kind of science in undergraduate 
engineering education would leave the 
graduate in a position of maximum 
flexibility. He would be in the unique 
position of being ready to apply 
quickly whatever may develop out of 
current scientific research. 

Humanities and Social Studies in Engi- 
neering Education 


Engineering educators agree that 
their students need a fuller acquaint- 
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ance with the humanities and social 
sciences, but some fear the effect on 
already-crowded = curricula. How- 
ever, a number of leading engineering 
colleges already have developed pro- 
grams to provide sound experience in 
the humanities and social sciences 
which simultaneously reinforce their 
students’ engineering training. 
Others, studying this experience, 
should be able to make major improve- 
ments. The ASEE has recently com- 
pleted a major study of the role of 
humanities and social studies in engi 
neering education. The report de- 
clared that the engineer is not ade 
quately prepared to make an effec- 
tive contribution in today’s world if he 
has not acquired during his under- 
graduate study some sense of human 
values and some knowledge of the 
social, economic, and political world in 
which he will play a conspicuous part 

Commenting on the problem and on 
the Society's report, Dr. Harry P. 
Rogers, president of the Polytechnic 
Institute of Brooklyn, said that engi- 
neers everywhere want students who 
are joining the profession to have an 
understanding of the evolution of the 
social organization in which we live 
and the influence of science and engi 
neering on its development. This 
would also imply that they should 
possess a knowledge of the economic 
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SIGHT FLOW INDICATORS 
“See What Goes On Inside” 


BRONZE, IRON, STEEL, 
STAINLESS STEEL 
FIG. 29 
Cylinder with 
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For insertion into pipe 
FOR EVERY APPLICATION 
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FIG. 212 
Visibility 
Double 

Welding 
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Screw é 
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Flapper Rotating Wheel Type 
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All sizes up to 6” 


ERNST WATER COLUMN & GAGE CO. 
LIVINGSTON, N. J. 
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forces and operations fundamental to 
our American industrial economy. It 
furthermore implies that they should 
have an understanding of man him- 
self, on his nature in terms of intel- 
lect, beliefs, what he holds as impor- 
tant, and his motivations, attitudes and 
behavior, as well as his expressions in 
literature and the arts. 

Dr. Rogers said it would be futile to 
try to achieve this end by selecting 
standard courses from the depart- 
ments of English, history, economics, 
sociology, and psychology. Instead, 
he urged engineering faculties to help 
develop better courses especially for 
engineers, working closely with the 
instructional staffs in the areas where 
desired courses may be taught. He 
criticized engineers who prescribe 
ability in English for their students 
but who fail to demonstrate that abil 
ity themselves. Indeed, he argued, if 
the engineering student is to achieve 
the understandings, abilities, and 
powers which we philosophically pre- 
scribe, the members of the instruc- 
tional staff must possess these them- 
selves 


Prof. Edward W. Comings of Pur- 
due University made a plea for more 
careful planning and more enthusiasm 
in incorporating liberal courses into 
technical curricula in order to insure 
the interest of the student. He ad- 
vocated a planned series of courses, 
with enough flexibility for experi- 
mentation and development of new 
programs. 


The rise of anti-intellectualism was 
noted by Prof. S. R. Watson of the 
Fenn College, Cleveland. The engi- 
neer is a product of the modern cli 
mate of opinion, and he in turn helps 
form it. Obviously, he must assume 
responsibility for his part. In order 
to do this, he must understand this 
climate and be aware of its flaws and 
weaknesses. Now at the time when 
the scientist and engineer seem to be 
in control of our climate of opinion, 
there are signs of revolt apparent in 
the rise of anti-intellectualism. The 
engineer's world is founded upon 
reason, upon the intellect. As educa- 
tors involved in engineering education 
we need to alert the engineer to the 
dangers of anti-intellectualism, to 
make him aware of his need for the 
pure scientist and for the humanist. 
Then and only then will he have found 
himself, his place in society, and his 
significance in the evolution of civili- 
zation. 

Loss of Engineering Teachers 
The engineering colleges of the 


United States have experienced a net 
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loss of three per cent of their teaching 
staffs to industry within the past two 
years, at a time when rapidly increas- 
ing enrollments made it most neces- 
sary that the staffs be enlarged. 

This serious situation was reported 
by A. R. Hellwarth, assistant to the 
director of employment at the Detroit 
Edison Company, who headed a com- 
mittee which made a survey for AS- 
EE after Dean J. F. Downie Smith 
of the Iowa State College Division of 
Engineering, reported last year on the 
possibility of an alarming migration 
of faculty members to industry in the 
face of a growing shortage of engi- 
neering graduates. The survey 
showed that engineering colleges need 
1300 more teachers to carry the 1956 
1957 load, or about 15 additional for 
every hundred now teaching. Dur- 
ing the two-year period of the survey, 
750 left engineering faculties for in- 
dustry while 500 left industry for 
teaching, leaving a net loss to the 
colleges of about three teachers in 
every 100. Higher salaries in in- 
dustry were cited as the chief reason. 
Some of the former teachers left to seek 
greater opportunities and new experi- 
ences. The crying need is for young 
engineering teachers, and many deans 
lament their inability to retain a 
greater number of students who have 
obtained advanced degrees. These, 
traditionally, have formed the core of 
the nation’s engineering teaching 
force. 

Industry representatives, who met 
with educators at a session to con 
sider this problem were frank in point- 
ing out that industry is giving a better 
deal. According to R. N. Dyer, head 
of the personnel division of the Humble 
Oil and Refining Company, it is a 
known fact that individuals employed 
in engineering and scientific activities 
in industry not only start at salaries 
higher than those in the teaching pro 
fession, but, quite frequently, ulti- 
mately receive greater financial re- 
ward. He also pointed out that col- 
leges were lagging in providing the 
many fringe benefits which are con- 
stantly being added to industry. He 
criticized the practice of basing pay 
increases on the number of degrees 
held, or on length of service. Cost of 
living and productivity formulas are 
better able to encourage superior per- 
formance and to permit a policy of 
promotion from within. 

An influence of extreme importance 
is broader recognition which industry 
affords by allowing professional and 
technical men to advise on manage- 
ment decisions and by placing them in 
top managerial jobs, according to Mr. 
Dyer. In order to insure the con- 
tinued strength of higher education, 
we must not only increase the finan- 
cial reward to teachers, but we must 
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eosPROVING EROSION RESISTANCE 








of various metal tubes. Above chart shows loss of weight in 
tubes of aluminum, steel, grey iron and white iron. 


years of research by AEROTEC now assure 


longer tube life for mechanical dust collectors 


Dust collector tubes of aluminum, because of the 
ductility of the metal, were at one time thought to be 
more erosion resistant than steel. However, acceler- 
ated tests now prove conclusively that of all the basic 
metals tested, white cast iron tubes assure greatest 
resistance to abrasion. 


In setting up the test procedure, unusually severe 
abrasive conditions were simulated—many times more 
severe than ever encountered in field installations. The 
most troublesome dust erosion-wise was selected for 
the test. After 6700 hours of continuous operation, 
tube wear for various metals produced the curves 
shown on this page. Note the outstanding performance 
of the white iron tube. Although in many cases alumi- 
num tubes are proving entirely satisfactory, white 
iron is now recommended for the majority of new 
installations. 


In development for over three years, the new 
Aerotec 5” white iron tube will assure longer life and 
continuing high efficiency in your dust collection 
equipment. Why not call or write today for complete 
information? Address The Thermix Corporation, 
Project Engineers for Aerotec. 


Project Engineers THE THERMIX CORPORATION Greenwich, Conn. 
(Offices in 38 principal cities) 
Canadian Affiliates: T. C. CHOWN, LTD, 1440 S. Catherine St. W., Montreal, Que. 
Manufacturers 
THE AEROTEC CORPORATION 
Greenwich, Conn. 


Designers and Manufacturers of Automatic Controls, Valves — Regulating, Relief, and Check 
Type; Pressure Switches; Gauge, Altitude, Differential and Absolute Types — Float Switches: Top, 
bottom or side mounted — Single, Dual or Tandem. 
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PIPING 
LAYOUT 
IS 
SIMPLER 


-- THEY 
NEED 
so 
LITTLE 
ROOM 


Gentile Flow Tubes cre impact type head meters 


for use as differential producers. 


They are short and they need only minimum straight 
runs entering and following, and can be installed at 
practically any accessible point where flow condi- 


tions are reasonably steady. 


Flow Tubes are furnished with individual head capac- 
ity curves, and for unusual piping arrangements, 
calibration curves for simulated conditions can be 


furnished. 


Guaranteed 
e Accuracy 
e Minimum Head Loss 
*GEN-TIL-LY e Reproducibility 


FOSTER ENGINEERING COMPANY 


835 LEHIGH AVENUE UNION, N. J. 


* ee 


secure greater acceptance of them as a 
truly important segment of our pro 
fessional society, giving them the 
recognition and prestige they so richly 
deserve. 

R. C. Smith, general supervisor of 
salaried personnel for the Allison Di 
vision of General Motors Corp., said 
he believed that most of the nation’s 
responsible industry feels it is unethi 
cal to woo engineering teachers from 
their college assignments. Allison and 
General Motors, as well as other in 
dustries, have attempted to cooperate 
with colleges by hiring engineering 
teaching personnel for summer ad 
visory work, and by providing con 
ferences and institutes in which teach 
ers would be interested. Smith ad 
mitted, however, that sometimes 
teachers hired for ‘“‘temporary’’ work 
have asked to be retained. 

On the other hand, colleges offer 
some very real advantages in the op 
portunity to work and shape the lives 
of many young people, in freedom of 
working hours, in a literate and stimu 
lating atmosphere and in attractive 
locations, argued Dean William T. 
Alexander of the College of Engineer 
ing, Northeastern University. ‘‘It is 
high time in my opinion that we as 
teachers stopped deprecating our pro 
fession and began to advertise its very 
real advantages,”’ he said. ‘‘Why not 
indicate that we are proud of it?—for 
we really are.” 

New Officers 

Dr. William L. Everitt, dean of the 
College of Engineering at the Uni 
versity of Illinois, will be the new pres 
ident of the American Society for 
Engineering Education. Cleo A. 
Brown, administrative assistant to the 
president of the General Motors In 
stitute, was elected vice president for 
the Society’s instructional division 
activities. The Society's new treas 
urer is John Gammell, director of 
graduate training at the Allis-Chal 
mers Manufacturing Company 


New Books 


Any of these may be secured by writing 
Combustion Publishing Company, 200 
Madison Avenue, New York 16, N. ¥ 


Industrial Purchasing 

By J. H. Westing and I. V. Fine 

John Wiley & Sons, 421 pages, $7.50 
Subtitled ‘‘Buying for Industry and 

Budgetary Institutions,’’ this book 

originated from discussion between 

the Milwaukee Association of Purchas- 

ing Agents and the faculty of the School 
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of Commerce of the University of Wis 
consin. Professors Westing and Fine 
were appointed editors and worked in 
collaboration with two committees ap 
pointed by the Association to prepare an 
outline for the book and select contrib 
uters for individual chapters. Thus 
the book represents a combination of the 
viewpoints of the operating purchasing 
executive and the more generalized 
academic approach, all molded into a 
prearranged pattern and subjected to 
extensive editing for a consistent style. 

The subject matter of the book in 
cludes such topics as organization and 
procedures for purchasing, selection of 
sources of supply, quality control, 
traffic procedures, forward buying and 
speculation, legal aspects of purchasing, 
management reports and public rela 
tions in purchasing goods 

One especially interesting chapter re- 
lates to the purchase of major equip- 
ment. Very often several departments 
are concerned with the purchase of such 
equipment, and as an example the 
authors cite the differences in purchasing 
a carload of fuel oil as contrasted to the 
purchase of a turbine-generator. Men 
tion is made of the importance of vendor 
service in connection with imstallation 
and startup of major equipment, and 
some consideration is given to the pur- 
chase of used equipment and its leasing. 

Although this book is on the fringe of 
most activities in the steam power 
field, it will give those engineers who are 
willing to take the time to read it a new 
insight into the many and varied func- 
tions of purchasing departments of in 
dustrial organizations and government 
procuring agencies 


Commercial and International 
Developments in Atomic 
Energy 


Atomic Industrial Forum, 598 pages, 
$8.50 


This paper-bound publication in 
cludes the proceedings of a meeting 
held in Waskington, D. C., in September 
1955 in conjunction with the first U. S 
Trade Fair of the Atomic Industry. A 
report of the meeting appeared in 
October 1955, CoMBUSTION, pp. 69-76. 

The 598-page document contains 
papers and illustrative material on 
power, test and research reactors; 
radiation and radio-isotopes; reactor 
safety; business opportunities in atomic 
energy; marketing atomic products and 
services; fuels and source materials 
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New lmproved 
Super-Finish 


STIC-TITE 


@ One Coat—not two—saves time and money 
@ Very smooth—white—pleasing appearance 
@ Applies quickly, easily 

@ Dries hard 

@ Sticks tight to all surfaces 

@ No shrinking—No cracking 

@ Double the coverage of asbestos cement 

@ Moisture and steam resistant 

@ High insulating value 


BOILERS 
TANKS 
HEATERS 
FANS 
PIPING 
FITTINGS 
ETC. 


Boiler insulated with R & | Mineral Wool Blan- 
kets and covered with Super Finish Stic-Tite. 


REFRACTORY & INSULATION CORP. 


REFRACTORY BONDING AND CASTABLE CEMENTS 
INSULATING BLOCK, BLANKETS AND CEMENTS 


124 WALL STREET - NEW YORK 5, N. Y. 





BAYER 
STEPS UP BOILER PERFORMANCE 


DISTINCTLY 
DIFFERENT 


Bayer Balanced Valves are 
famous for their long life 


and continued tightness 


WITH THE Bayer Balanced Valve Soot Cleaner 
the balancing chamber above the piston disc 
impounds steam when the valve closes, thus 
relieving valve parts from shock. The valves 
remain steam tight because the dashpot action 
causes the valve to seat gently. Unbalanced 
valves close with a hammer stroke and soon 
become leaky. 


When stationary elements are used the 
Bayer stationary balanced valve head may be 
furnished. Thus all the cleaning elements of 
the entire soot cleaner system can be controlled 
by the Bayer quick-opening Balanced valves. 
This gives a uniform or standard valve con- 


THE BAYER 


Bayer Single Chain Balanced 


Valve Soot Cleaner 


trolled system and in addition, when high pres- 
sures require a reduction in pressure at each 
individual element this Balanced valve unit, 
whether used with a stationary or a revolving 
element, can be fitted with an integral orifice 
plate valve. 


Piping connections can be kept in the same 
plane and undesirable bends or fittings avoided 
when the Bayer Balanced Valve is installed with 
both stationary and revolving elements. 


Valve parts are standard and interchange- 
able and when high pressure heads are fitted 
with orifice plate regulating valves these parts 
are also interchangeable. 


COMPANY 


SAINT LOUIS, MISSOURI, U.S.A. 
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hich packing 


for longer life in reciprocating service ? 


To 500F it’s J-M Interlocked 


because it cannot ravel or come apart 


Made by an exclusive J-M process, Interlocked 
packing is braided from tough long-fibre asbestos 
yarns strongly interlocked in a solid integral struc- 
ture. There are no jackets to wear through... no 
plaits to loosen. That's why it retains its strength 
and efficiency far longer than other types. 


Interlocked also seals better. It is flexible and 
resilient, braided square for better contact and re- 
quires less gland pressure. Style 255 is effective 
against steam, hot or cold water, oil, weak acids and 
caustics. Furnished lubricated and graphited in ring 
and coil forms in sizes from 4" and up. 


Xa, 








| 


To 750F it’s J-M Superheat 


because it does not harden under high heat 


Designed specifically for superheated steam between 
500F and 750F, Jokns-Manville’s Superheat packing 
is made of highest quality pure asbestos cloth which 
retains its resiliency even after long exposure to 
high temperatures. Woven tight, spiral wrapped and 
then pressed square, this cloth forms a firm resilient 
structure of superior strength and wearability. 


Style 167 Superheat is bonded with a special heat 
resistant compound. No excess is present to car- 
bonize in use. Density is carefully controlled for 
minimum gland pressure. Furnished graphited in 
ring and coil forms in sizes from 4" and up. 


Your local J-M distributor carries full stocks of Interlocked and Superheat 
and other packings. Call him today or write Johns-Manville, Box 60, 


New York 16, N. Y. In Canada, Port Credit, Ontario. 


Johns-Manville PACKINGS, GASKETS and TEXTILES 
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This Bailey Meter Control System is — 


Saving Fuel at Appliance Park 


%& General Electric Company at its Appliance Park 
Boiler House, Louisville, Ky. has found that Bailey 
Controls help to save fuel by continuously main- 
taining desired operating conditions. 

With a Bailey-engineered control system you can 
count on a high output of available energy per 


unit of fuel. 
Here's why 


1. Suitable Equipment 


When you receive equipment recommendations from a 
Bailey Engineer his selections come from a complete line 
of well-engineered and carefully tested products. 


1025 


IVANHOE ROAD 


2. Seasoned Engineering Experience 

Your local Bailey Engineer brings you seasoned engi- 
neering experience based on thousands of successful 
installations involving problems in measurement, com- 
bustion, and automatic control. 


3. Direct Sales-Service—close to you 

For your convenience and to save time and travel ex- 
pense there’s a Bailey District Office or Resident Engi- 
neer in or close to your industrial community. 

For greater fuel savings, less outage and safer working 
conditions, you owe it to yourself to investigate Bailey 
Controls. Ask a Bailey Engineer to arrange a visit to a 
nearby Bailey installation. We're glad to stand on 


our record. 4128-1 


Coutrols for 


WA 


Complete Controle for Steam Plants 
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Buell ‘SF’ Electric Precipitators meet all 5 
basic requirements for TOP EFFICIENCY 


A slight deficiency of any single factor would be suf- 
ficient to impair the performance or service life of 
any dust recovery system. The constant top efficiency 


1 a ~ 
Buell Cyclone Collectors are noted for 
their efficiency, too. Here are exclusive 
reasons why: shave-off design which har- 
nesses back-fiow and puts it to work... 
plus extra large diameter design to prevent 
“plugging.” 


MECHANICAL \ 


hes 


Buell “LR” Fly Ash Collectors are ideal 
for low and high pressure boiler opera- 
tions up to 2000 BHP, with either natural 
or mechanical draft. Check them for high 
efficiency, simple design, compactness, 
flexibility in layout. 


of Buell installations is the result of skillfully adjust- 
ing all five elements to best meet various operating 
conditions ... provide consistent top efficiency. 


FREE BOOKLET! 

“The Collection and Recovery 
of Industrial Dusts” 

Write to: 

Buell Engineering Company, 
Dept. 70-H,70 Pine Street, 
New York 5, New York 


e.ecrricaa Experts at delivering Extra Efficiency in DUST COLLECTION SYSTEMS 
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One of twin Surface 
Condenser Sections 


Lummus Equipment Serves 110,000 KW Turbine 
For Texas Power and Light Company 


THE LUMMUS COMPANY, Heat Exchanger Divi- 
sion, 385 Madison Avenue, New York 17, N. Y. 
Atlanta * Boston * Chicago ¢ Cincinnati 
Cleveland * Dallas * Denver * Detroit * East 
Chicago (Indiana) * Houston * Kalamazoo 


Approximately 1 year ago, Lummus completed the installation of a 34,000 
lb. per hr. evaporator, a 90,000 sq. ft. surface condenser and five feed 
water heaters, to serve a 110,000 KW turbine generator at the Collin 
Steam Electric Station of the Texas Power and Light Company. 

The evaporator, designed by Lummus, is a high purity type which 
produces vapor of 1 ppm max. total solids purity, with a shell concentra- 
tion of 3,000 ppm. It was furnished complete with a Lummus reflux 
condenser for producing condensate to be used on the bubble tray. 


The Lummus-designed surface condenser is in two sections, joined by 


a common tee piece which connects to the turbine exhaust. The con- 


denser is of the deaerating type producing an oxygen guarantee of 0.01 cc 


per liter. 
The following Lummus feedwater heaters were furnished: 


Eff. Sq. Ft. Surface 


6,745 sq. ft 
6,490 sq. ft 
2,850 sq. ft. 


Item Operating Pressure 


Crossover Heater (Multilok) 2600 
High Pressure Heater (Multilok) 2600> 
Intermediate High Pressure Heater 400> 
Intermediate Low Pressure Heater 400= 3,165 sq. ft. 
Low Pressure Heater 400+ 4,610 sq. ft. 


Lummus heat transfer equipment provides long and trouble-free service in power generation. 


Kansas City * Los Angeles * Minneapolis 
Nashville * New Orleans * Newton (lowa) 
Niskayuna (New York) * Omaha »* Pittsburgh 
Salt Lake City * San Francisco * Springfield 
(Mass.) * Syracuse * Toledo * Wayne (Pa.) 
Athens * Buenos Aires * Caracas * The Hague 
Lima * London * Mexico City * Montreal « Paris 
Rome * San Juan 


Steam Surface Condensers * Evaporators * Extraction 
Bleeder Heaters * Steam Jet Air Ejectors * Steam 
Jet Refrigeration * Barometric Condensers * Heat 
Exchangers for Process and Industrial Use * Process 
Condensers * Pipe Line Coolers 


Fabricated Piping Division Plant at East Chicago, Ind. 


HEAT EXCHANGER DIVISION 
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Hard to pick the right Coal? 


If you have a fuel problem, 
these men can help you: 


J. B. GILTNER, District Manager 
Coal Bureau 
833 Chamber of Commerce Bidg 
Telephone Liberty 2-2229 
Boston 10, Massachusetts 


L. J. WHITLOCK, JR., District Manager 
oa] Bureau 
Room 604, 208 S. La Salle St. Bids. 
Telephone RAndolph 6-4634 
Chicago 4, Illinois 


D. H. WILLIAMS, District Manager 
Coal Bureau 
908 Dixie Terminal Building 
Telephone DUnbar 1-1325 
Cincinnati 2, Ohio 


G. O. ELLSTROM, District Manager 
Coal Bureau 
1819 Union Commerce Building 
Telephone MAin 1-7960 
Cleveland 14, Ohio 


F. L. DONAHER, District Manager 
Coal Bureau 
1907 Book Building 
Telephone WOodward 
1-2340 or 1-2341 
Detroit 26, Michigan 


R. L. HAWKINS, District Manager 
Coal Bureau 
Telephone 4-1451, Extension 423 
Roanoke, Virginia 


R. L. JOHNSON 
Assistant District Manager 
‘oal Bureau 
2059 Railway Exchange Building 
Telephone MAin 1-1180 
St. Louis 3, Missouri 


M. T. DELABAR, District Manager 
Coal Bureau 
1105 Reynolds Building 
Telephone 7116 
Winston-Salem 1, North Carolina 
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There are many kinds of coal, and choos- 
ing the best kind for your needs isn’t always 
easy. But our fuel specialists can help you. 
They're at your service from eight key cities 
of the U.S. There’s no obligation. 


And when you buy coal, don’t settle for 
anything but the best. That's Fuel Satis- 
faction — the superior all-purpose Bitumin- 
ous Coal mined along the N&W. It always 
delivers a full dollar's worth of satisfaction 
for every dollar spent, whether you use it for 
heat, power or special purpose. 


orpotk..- Weslo tee. 


RAILWAY 


CARRIER OF FUEL SATISFACTION 





A LIGHT 
THAT 
VER FAILS 


Now Possible With Peabody 
Rifled Tile For Gas Fired Burners 


Lost ignition need no longer worry users of gas-fired 
burners, even under the most adverse firing conditions. 
The new Peabody tile, specially designed and 

rifled in direct opposition to rotating air flow, in the 
rotating fuel and air mixture develops low-velocity eddy 
currents that give desired ignition. The protected burning 
eddies act as a series of continuous and positive pilots 

for the main body of the combustible mixture. This 

new tile permits minimum load setting of gas 

with rapid maximum settings of wind-box pressure 


without loss of ignition! 


Available on new or old Peabody installations, the new 
Peabody Rifled Tile offers users unusually high 
efficiencies, plus unequalled dependability 

of ignition—under even the most adverse firing 
conditions. Write today for complete details. 


PEABODY ENGINEERING CORPORATION 


232 MADISON AVENUE, NEW YORK 16, N. Y. 


OFFICES IN PRINCIPAL CITIES 
PEABODY LIMITED @ LONDON, S.W. 1, ENGLAND 
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“Good: 
fences 
make! 
sod 
neighbors”: 
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THERE’S TRUTH IN THAT OLD ADAGE — 
WHEN YOU'RE TALKING ABOUT A BOILER. 


Steel and water, by the very nature 
of things, are hardly the best of neigh- 
bors. Just as water can never improve 
boiler metal, so likewise it never loses 
its capacity to impair. Merely to hold 
the line challenges today’s metallurgical 
and chemical knowledge . . . even as 
industry moves swiftly on to atomic 
power reality and its newer problems. 

That's why today — fifty years after 
the first Apexiorized boiler went into 
service —consulting-engineer specifiers, 
boiler-insurance recommenders, and 
operating-engineer purchasers continue 
to look to Apexior Number 1 — the 
simple, brushed-on barrier that keeps 
steel and water good—and safe — 
neighbors. 

No matter how well a boiler is op- 
erating — or how perfectly it is main- 


tained — whether it be a large central- 
station steam generator, a small heating 
unit, or anything in between—Apexior 
Number 1 can make that good boiler 
better .. . for only Apexior makes any 
and all of these contributions to steam- 
ing performance. . . . 


an end to high-heat oxidation 

no chemical bonding of deposits 
maintenance of high heat transfer 

a good barrier for chemical cleaning 
no carry-over 

high resistance to oxygen 

full resistance to boiler water 
chemicals 

corrosion immunity 

gun-barrel smoothness, for excellent 
wetability 


Before you order a new boiler, or take an old one 
off the line —- let us bring you up to date on Apexior. 
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HIGH -TEMPERATURE 
HIGH-PRESSURE 


PIPING 


Pittsburgh Piping engineers study 
the plant designer's piping layouts, 
check all details and specifications. 
To assure quality, economy, ond 
speed a maximum amount of each 
piping job is planned for prefabri- 
cation in our shops. 


Wehove complete facil We assume responsibility for every phase of a 

ties for all piping fobri we . . . 

eine tbain, task piping job — from blueprint through erection. 

treating, inspection, ond Our engineers are specialists — thoroughly ex- 
g y 

testing procedures. Iilus b ‘ “ 

tration shows machining perienced in the theoretical and practical aspects, 


of bevel on end of 36” . : . 
OD. plete welded twr- | as well as in the code and insurance require- 


ee Ge ments, of high-temperature, high-pressure piping. 


assembly. 


PRODUCTS AND SERVICES . . . OFFICES IN PRINCIPAL CITIES 
Carbon Steel Piping Forged Piping Materials Atlante Whiteheod Buildin 
Cast iron Fittings Headers Boston 10 High Street 
Cast Steel Fittings Manifolds Chicago Peoples Gas Building 


Chrome-Moly Piping Pipe Bends oe Public Squere Building 
i o od 1828 North Alexandria Av 

——., AND EQUIPMENT COMPANY Now rin AS fan 
* lew Yor ‘oo! wort! ibdin 

Creased Bends Welded Assemblies 158 49th Street — Pittsburgh,  Tctslale B Syrecuse 3 Se Saline Street 








Expansion Bends Welded Stainiess Steel Tubing Teronto 68 Yonge Street 
Flanges Welding Fittings 
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POPPET TYPE VALVES | 


Note carefully the important advantages pointed out on 
the illustration above. You will see why Diamond Poppet 
Type has proved its superiority by many years of successful 
operation on the most difficult jobs. 

The integral adjustable pressure control device is used 
when boiler or header pressure is higher than desirable for 
blowing. Its location outside the path of valve travel 
permits full and immediate opening of the poppet valve, 


thus avoiding wire drawing. 


Diamond Model IR The valve readily lends itself to examination and repair. 


ee A be Ll? : ( Disc and seat are quickly accessible, and regrinding can be 
done quickly without dismounting the head. Seat and disc 


are forged and the stem rolled from stainless steel. 


This valve construction is one of the many reasons why 


Diamond Blowers give better boiler cleaning at lower cost. 





Diamond Model IK 
; Long Retracting Blower 
Diamond Model G9B See Bulletin 1080A 
Automatic Valve Blower 
See Bulletin 1137A 


DIAMOND POWER SPECIALTY CORP. 
LANCASTER, OHIO 
Diamond Specialty Limited, Windsor, Ontario 





Yarway Remote Hi-Lo 
Alarm Signals—lights or 
horns—can be used with 
Yarway Remote Liquid 
Level Indicator and 
placed at any location 
in the plant. 


boiler water 








Ne | 


levels now 





easier to see... 








easier to read 
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Whatever the boiler pressure, high or low, YARWAY 
Remote Indicators give accurate, instant, eye level 
boiler water level readings at any convenient plant 
location. 

Boiler Code Case No. 1155* says in part, “‘ 
two independent remote level indicators of the com- 
pensated manometric type may be used instead of 
one of two required gage glasses for boiler drum 
water level indication in the case of power boilers 
with all drum safety valves set at or above 900 
Se hg 

YARWAY Remote Liquid Level Indicators fill the 
bill—and feature a ‘‘wide vision” face that makes 
reading easier from any angle. 

Accurate—because indicator is actuated by the 
boiler water itself—by the pressure differential be- 
tween a constant head and the varying head of 
water in the boiler drum. 

Also use YARWAY Remote Indicators on heaters 
of various types. 

For full description, write for YARWAY Bulletin 
WG-1824. 


*Write for free reprint of case description. 
: R Nw OA d \ P AWN Y 


100 Mermaid Avenue, Philadelphia 18, Penna. 
BRANCH OFFICES IN PRINCIPAL CITIES 
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WAY REMOTE LIQUID LEVEL INDICATORS 





